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Detcrlption 

PURIFIED THERMOSTABLE ENZYME AND PROCESS FOR AMPLIFYING. DETECTING. AND/OR CLONING 

NUCLEIC ACID SEQUENCES USING SAID ENZYME 

The present invention relates to a purified thermostable enzyme. In one embodiment the enryme is DNA 
s oolymerase purified from Thermus aquatlcus and has a molecular weight of about 86.000-90,000. 

The present invention relates to a process for amplifying existing nucleic acid sequences if they are present 
in a test sample and detecting them if present by using a probe. More specifically, tt relates to a process for 
producing any particular nucleic acid sequence from a given sequence of DNA or RNA in amounts which are 
large compared to the amount initially present so as to facilitate detection of the sequences, using a 
10 thermostable enzyme to catalyze the reaction. The DNA or RNA may be single- or double-stranded, and may 
be a relatively pure species or a component of a mixture of nucleic acids. The process of the invention utilizes a 
repetitive reaction to accomplish the amplification ot the desired nucleic acid sequence. 

Extensive research has been conducted on the isolation of DNA polymerases from mesophilic 
microorganisms such as E, coli. Sec. for example. Bessman et al.. J.Biol.Chem. (1957) ^:171-177 and Buttin 
IS and Kornberq (1966) J. Biol. Chem. 241:5419-5427. 

In contrast, relatively little investigatloPThas been made on the isolation and purification of DNA polyrnerases 
from thermophiles. such as Thermus aquatlcus . Kaledin et al.. Biokhymiya (1980) 45:644-651 discloses a 
six-step isolation and purification procedure of DNA polymerase from cells of T, aguaticus YT1 strain. These 
steps involve isolation of crude extract. DEAE-cellulose chromatography, fractionation on hydroxyapatite 
20 fractionation on DEAE-cellulose. and chromatography on single-strand DNA-cellulose. The pools from each 
stage were not screened for contaminating endoand exonuclease(s). The molecular weight of the purified 
enzyme is reported as 62.000 daltons per monomeric unit. ^ ^ . . , , . • i 

A second purification scheme for a polymerase from T. aquatlcus is described by A. Chien et al.. X Bacterior 
(1976) 127-1550-1557. In this process, the crude extract is applied to a DEAE-Sephadex column. The dialyzed 
25 pooledTSctions are then subjected to treatment on a phosphocellulose column. The pooled fractions are 
dialyzed and bovine serum albumin (BSA) is added to prevent loss of polymerase activity. The resulting 
mixture is loaded on a DNA-cellulose column. The pooled material from the column is dialyzed and analyzed by 
gel filtration to have a molecular weight of about 63.000 daltons. and. by sucrose gradient centrifugation of 

about 68.000 daltons. - . .k-. „. i„«o 

30 The use of a thermostable enzyme to amplify existing nucleic acid sequences in amourrts that large 
compared to the amount initially present has been suggested in European Pat. Pub^ No 200.362 pub^hed 
December 10. 1986. Primers, nucleotide triphosphates, and a polymerase are used in the process, which 
involves denaturation. synthesis of template strands and hybridization. The extension product of P-^er 
becomes a template for the production of the desired nucleic acid sequence^The application ""^J^^ 
35 the polymerase employed is a thermostable enzyme, it need not be added after every denaturation step^ 
because the heat Jill not destroy its activity. No other advantages or details are provided on the use of a 
purified thermostable DNA polymerase. The amplification and detection P^f«s 'S a so described by Saiki et 
al Science 230:1350-1354 (1985). and by Saiki et al.. Bio/Technology . 3:1008-1012 (1985). 
■ A335?diH-gl?There is a desire in the art to produce a purified, stable thermostable enzyme that may be used 
40 to improve the diagnostic amplification process described above. ^„„Ki„,,inn of 

Accordingly, the present invention, provides a purified thermostable enzyme tha catalyxes wmbinat on of 
nucleotide Triphosphates to form a nucleic acid strand complementary to a nucleic acid emplate strand 
Preferably the purffied enzyme is DNA polymerase from Thermus aquatlcus and has a '"o «ular weight of 
about 86 000-90.000 daltons. This purified material may be used in a temperature-cycling amplification reaction 
45 wherein nucleic acid sequences are produced from a given nucleic acid sequence in amounts that are large 
compared to the amount initially present so that they can be detected easily. 

The gene encoding the enzyme from DNA polymerase from Thermus aquaticus has also been 'dentified and 
provides yet another means to retrieve the thermostable enzyme of the present invention. '^'f^Jo t^« 
gene encoding the approximately 86-000-90.000 dalton enzyme, gene derivatives encoding DNA polymerase 

^ **^Snventtji?afsTe*ncoipasses a stable enzyme composition comprising a purified, thermostable enzyme 
as described above in a buffer containing one or more non-ionic polymeric detergents. 

The purified enzyme, as well as the enzymes produced by recombinant DNA techniques. P~«de rnuch 
more specificity than the Klenow fragment, which is not themiostable. In addition, thepunfied enryr^* '"^ J* 

55 recombinantly produced enzymes exhibit the appropriate activity expected when dHP or other nucleotide 
SpSospSare not presenTin the Incubation mixture with the DNA template Also the e"^" 
a broader pH profile than that of the themiostable enzyme from Thermus aquaticus descnbed the Irterature 
with more than 500/o of the activity at pH 7 as at pH 8. In addition, the thermostable enzyme herein can be 
stored in a buffer with non-ionic detergents so that it is stable, not losing activity over a period of time^ 

60 The oresent invention resides in a process for amplifying one or more specific nucleic acid sequences 
oresent in a nucleic acid or mixture thereof using primers and a thermostable enzyme. The extension product 
o one primer when hybridized to the other becomes a template for the production of the desired specrfic 
nucleic acid sequence, and vice versa, and the process is repeated as often as is necessary to produce the 
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nucleic acid strands and therefore doeTr^t nTl^ f ^ '^'"P*^""^** 'e<l"'>ed to denature the 

automatedforfurtherredSonTrnan^^^^^^^^ ^"=""9 •Edition, be i 

More specifically, the prrS?n3onTic?' '""^'"^'^ amplification reaction. ^ 

sequence contained inT nldSc S H Sx^u™ IVV"^ "'"""'^"^ 'V'"' ""^'^'c acid 

double-stranded, it consists ortJo seoara./d ?1, , " ""^'eic acid is 

process comprises: complementary strands of equal or unequal length, which 

enSL^irinarsrbtarnS^^^^^^^^^ 

complementary to each strand of each nuclete^^^^^ triphosphates to form pnmer extension products 

primerv^ichiscomplemen arytreachnucTe^ S^^^^^^^ f " P'*«*"« °' "ch 

separate eachexten'sionprod^JS^^^^^ 

hybridization Of eachprimertoeachSflhlsLSre*^^^^^^^^^^ 

ac^::•^rre~;^r^^^^^^^^ 

product Of eachSier which isTompSn?ary reac?rc^^^^^^^^^^^^^ ^ 
(d). but not so high (a temperature) as to scparaTe eaS VxS^^ f? ^P'^'' Produced in step • 

TheS^wT^^^r'^'^^^^''^ 
pretr:rilUbTe^CrS^^^^^^^ 

Most preferably, if the enzyme .s Taq pbJmS fn steD?//thVr,?^ ^^yaticys (Taq polymerase). 55 
buffer comprising about 1.5-2 mM of a SSm saV W-'^^^^^ ^^^^ts^re contacted with a 

primer, steps (a), (e) and |f) are carried oSt afroJfJiis'f^Sd ste?f?/r« . ' rM of each 

In a preferred embodiment the nucleic Ac^^«r7^„^: T 2^ ' ' ^°"t 90-100°C. 

heating each nucleic acid iMCresiSofS'^^^^^^^^^^^^ is accomplished by (i) 

pnmer for each different specific sequence being arSDS fSVn'Iw^^^^^^ """^ oligonucleotide 40 
temperature to denature each nucleic flcw\X.r«r«-Lk - ; . effective time and at an effective 
to dWerent stranrof ScTspSSte "oTe^^^s^^^^^^^^ T'^'J^ ^ substantially complementary 

When it is separated fr^m its compteS^ serve J^?tem3^^^^^^^^^ Product synthesized from one prime?^ 
the other primer; and (ii) cooling the denatured „uh.!^^^^^^ synthesis of the extension product of 

each primer to ks compSX „S^^^^^^^ 4S 

on? sTecrn'udSit^d^^^^^^^^^^^^^ c^nJ^rntf'" ^ "^"""^ - « 

distinguishing between twodSt seq-n^^^^^^^^^ ""f 
said sequence or sequences, and wherein if the nucleus) t^a^SlS^^^'^T^'"'^^ "^T '"^ 
separated complementary strands of equal or unequal length i n f^^^^^^^ ^ 
mentioned above, resulting in amplification in auantS of thfsklSiA'^ f • " f°'"P"«s steps (a) to (f) 

(g) adding to the product of S f) a iSed oLn^^^^^^^ 

(h) determining whether said hybridization has occurred eoi.ana 

'"yet another embodiment, the invention relates to a process for defecfinn*h-«,- ^ . . ^ 

least one nucleotide variation in sequence in one or morS nuSV acids cSl^w • 'i''"".*'?' 
nude c acid is double-stranded It rnneicf= «f iJ^ IT . "^"^ contained in a sample, wherein if the 
length. Which procSss coS^^^^ complementary strands of equal or unequal 

sufficient nuXr Of i^^To""^^^^^^^^^ 

present; ^ ^ nucieic acid containing the sequence, if 60 

(g) affixing the product of step (f) to a membrane; 

(h) treating the membrane under hybridization conditions whh » i^k^i ^ .4- 
o igonucleotide probe capable of hybridizing with the ampTed n^^ie^Ld ^ sequence-specific 

Of the probe is compiementary to a region of the ampimed seJue^S^^^^^ ^"'^ ' '"^"'"'^ ^ 
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(i) detecting whether the probe has hybridized to an amplified sequence in the nucleic samp e. 
If the sample comprises cells, preferably they are heated before step (a) to expose the nucte'C acids therein 
to the reagents. This step avoids extraction of the nucleic acids prior to reagent „ 
in a variation of this process, the primer(s) and/or nucleotide triphosphates are 'abe^ed so ^e resultj^g 
5 amplified sequence is labeled. The labeled primer(s) and/or nucleotide tnphosphate(s) can be P 
Son mixture initially or added during a later cycle. The sequence-speci e oligonucleoj^^^^^ 
atSxed to a membrane and treated under hybridization conditions with the ''"f'^Si^^Z^^^^^^^^^ 
that hybridization will occur only if the membrane-bound sequence is present in the amplification product 
t yeunother embodiment, the invention herein relates to a process for cloning into "^^^^0 ^^^n "1^ 
to more specific nucleic acid sequences contained in a nucleic acid or a mixture of """^^ '^'.^ 

acid(s) when double-stranded consist of two separated complementary strands, and which nucleic ac d(s) are 

amp i led iJ quantity before cloning, which process comprises steps (a)-(f) '^'J^'^^'"'''',^^^'^^^^^^^ 

?e) and (f) being repeated a sufficient number of times to result in detectable amplification of the nucleic 

,5 *"''^^X^^th:V^^^^^^^^^^^ a restriction enzyme for each of said restriction sites to obtain 

"ThMigSSeci^^^^^^^^^^^ 

or more cloning vectors containing a promoter and a selectable marker. „„M«r ««« nr 

In a further embodiment, the invention herein relates to a process for cloning into a cloning vector one or 
20 more specific nucleic acid sequences contained in a nucleic acid or mixture of nucleic acids, which nude c 
SsrwheS Souble-stranded. consist of two separated complementary strands of equal or unequal length 
S'nS a^^^ are amplified in quantity before cloning, .'^f P"«;« "TrrHu?^^^^^^^^ 
mentioned above with steps (d). (e) and (f) being repeated a sufficient number of times to result in effective 
amSrattfoTthe nucleic acid(s) containing the sequence(s) for blunt-end ligation into one or more cloning 

2S vectorynd^ ^ sequence(s) to be cloned obtained from step (f) '"^^ ^^^^^^^^^^^ 

said cloning vectors in the presence of a ligase. said amplified sequence(s) and vector(s) being present in 
sufficient amounts to effect the ligation. , 4. • ^ ^n** 

,n a product embodiment, the invention provides a composition of matter useful in a'^f^'^^^ J '^^^^^^^ 
30 specific nucleic acid sequence contained in a nucleic acid or a mixture of nucleic acids, compnsing four 
Snt nucleotide triphosphates and one oligonucleotide primer for each different specific sequence being 
aS«ed wherein each primer is selected to be substantially complementary to different strands of each 
sSc sequence, such that the extension product synthesized from one primer, whf" / is se^^^^^^^ '^"^ '^^ 
complement can serve as a template for synthesis of the extension product of the other pnmer. 
55 ,7anSVroduct embodiment'the invention provides a sample of one or more nucleic acids compr^ing 
mSipSran'ds Of a specific nucleic acid sequence contained in the nucleic acid(sK The sample may comprise 
about 10-100 of the strands, about 100-1000 of the strands, or over about 1000 of the strands^ ^ 

in a further product embodiment, the invention provides an amplified nucleic acid «quence from a nud^^^ 
acS or mixture of nucleic acids comprising multiple copies of the sequence produced by the amplification 

"° '^""FjureTis a restriction site map of plasmid pFC83 that contains the - 4.5 kb Hindlll L aguaticus DNA 
'"CriiraVrS^^^^^^^ PFC85 that contains the -2.8 Kb Hindlll to Ase718 L 

.5 AsSlS?reT4"r "^^^^^^^^^^^^ used interchangeably and ^1 such designations 

include oroornv This the words ' ransfom^ants" or 'transfomied cells' indudes the primary subject cell and 
^Ll tu!esTri5!d theret 0^^^^ regard for the number of transfers. It is also understood that all progeny 
maiTo be7eci dy idenLl in DNA content, due to deliberate or inadvertent njutations Mutant progeny that 
have the same functionality as screened for in the originally transfomied cell are "Eluded. 

so The term "control sequences' refers to DNA sequences necessary for the expression of an operabty linked 
codSo sMUenoB In a particular host organism. The control sequences that are suitable for procaryotes. for 
Se S^a proS^^^^^^ Jn operator sequence, a rlbosome binding site. '^<iP<>^^^^''>^;i 

5et poorl/understood sequences. Eucaryotic cells are known to utilize promoters, polyadenylation signals. 



?he te^" xpression system" refers to DNA sequences containing a desired coding sequence and cont^r^^^ 
sequeS in "S^Sle linJage. so that hosts transformed with these sequences ^'^^^'^^f^^^'^'^.t;. 
TnSoded proteins. In order to effect transformation, the expression '^y^^^'" "^^l^J^^'^'"^^" °" * 
however the rdevant DNA may then also be integrated Into the host chromosome. 
The JerT-g^^^^^^^^^^^^ refers to a DNA sequence that encodes a recoverable ^oa^tive poV^^^^^^^ 

60 or preSr The polypeptide can be encoded by a full-length gene sequence or any portion of the coding 

spouence SO lona as the enzymatic activity is retained. 

Sably iSd- refers to juxtaposition such that the normal function of the "-"PO^a^'s f « 
perfofmeS Thus^ a^^^^ sequence "operably linked" to control sequences refers to a configuration wherein 
iKV^^Hinn senuences can be expressed under the control of the sequences. 
es ''*Non lonifp^^^^^^^^ refers to surface-active agents that have no Ionic charge and that are 
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The term "oligonucleotide* as used herein « wlr ^ 

deoxyribonucleotides or ribonucleotides orefi^fliU 1" " comprised of two or more 

factors. wt,ich in turn depend on SrSSLK^^^^^^^^^ ""Pe"*! on S 
be derived synthetically or by SlorSng °' °' '''^ oligonucleotide. The oligonucleotide^Jy 

re J,Srdi?;^ ";;o7u" d'^^^^^^^^^^^ ':ZSST-r"'''" ^^^--'-^ « a purged 

placed under conditions in whicTsSsL^^^^^^^^ 

acid strand is induced, i.e in the oresencp of fT., h « 

enzyme in an appropriate tXr rZeTln^l^^^^^^^ triphosphates and 7hermostat 

temperature. For Taq polymerase thrbirffrr hi,! ^ ' f"'? s'^enfl'''- cofactors. etc.) and at a suitable 
. preferably MgCI,. ISO^wSXcTnucteot de a^ I'uM of 'i'-' » "''Snesium 

10 mM Tris buffer. pH 8-8^». and lO) Mg/mTgelatS * ''"^ "'''"^^'"y Kcl: 

doIJiSi??^^^^^^^^^^^^^ 
JStKr^syn^Is^^^^^ 

"exact lengths of the primers wTdeoend J?r/n^?«r.« > ! ^ presence of the thermostable enzyme The 
the method. For example Sepl^on theT^^^^^^^^^^^ ^ « P^^erSse « 
typically contains 15-25 nucleotides althounh Tf ° . ^ ' sequence, the oligonucleotide primer 
molecules generally require co^°2n:mSes oTo^^^^^^^^ Short p'rime" 

The primers herein are selected to be -substantkiiK^-^! . ^ ? ^ 
specific sequence to be arnpWed Th^mlln^Tf 7t.. ^^^"'^''^'''^J° »»'a"ds of each 

hybridize with their respective strSidsTherX?tret.w.T^^ '""'^^ compiementa^S 
the template. For example, a non compreme?^^^^^^^^^ ^ 'f": ««« "quen^e of 

primer, with the remainder of the primer seauence SfnV^^^^^^ ^ ^ ^^^^ *° ^''^ ^' °* '"e 
non-complementary bases or longer seiueices c^^^^^^^ Alternatively, 
sequence has sufficient complementarity wW^the seaSeT^^^^ 

therewith and thereby form a template tor syntl^esrof thrext-n*^^^ 1° ^'"P'"''^'^ ''ybridize 

detection purposes, particulary Csing labeC s^qul^ce soecTS^^^^^ 

complementarity to obtain the best results ^"^""^ 'P®^"*"^ P™"". the pnmers typically have exact 

As used herein, the term 'DMA polymomS sm" refers to hp /o^ 
nucleotide sequences can exist at a partS Sle 5l DnI '"^^^ ^^^^^^nt 

suCiiSns^^^^^^^^^^^^ single or multiple nucleotide 

variations. Therefore, the process herein can LSn^^^^^ °' polymorphic allele 

.n p-globin genetic diseases caused by single-base S^S^ionf ^Jdlr « !" ""'^'^"^ ""^'^^ « 

Sickle cell anemia, hemoglobin C diseasfete ) as w^ius mu^i„? °' P-tfalassemias. 
a-thalassemia or some p-thalassemias In addition fhe nrirp JI ?! " »^ 
not necessarily associated with a disease but a rmllelv i c^^^^^^^^^ polymorphisms, which are 

sequences (Whether having substituted. deteUd or^^^^^^ '^^^ °' -"o^* '''"erent nucleotide 

•n the nucleic acid in the population, as with HLA r^Ss Jf ,h j^^^^^^ P'"*' «» « P'«'<="'af s"e 
such as mitochondrial DNA. The polymorphic Ma3ce.slcL^^^„ P<"y™orphisms 
hereinafter may be used to detecVg^Jtte mSs link»^^^^^ P™"" <*«<="'>ed in detail 

mellitus or In forensic applications. H'thet'cKSS JdSStJlStSnded' thel^? '"^""""''^P^^'^^'" «^«'>««s 
becornes a base pair variation in sequence. stranded, the nucleotide variation in sequence 

The term 'sequence-specific oligonucleotides' refers to oiinr,nM^i-«». w 
sequences «Jether or not contained on alleler^Sq^ will hybridize to specific 

and are specific for the sequence variation being detect S reSndfno «n^h« '^'"S 

am'^^ngTdS^irh'e^ Sth^r^eS 3^^^^^^^^^^^ ^XXT T'''^ ^^'^ '^^ ' 
endonuclease. fragments formed by digestion with a particular restriction 

As used herein, the term "thermostable enzvme" refers to an .... . 

resistant and catalyzes (facilitates) combfnatTo^hSeoSes^^^ ''^'^ '° "^^^ 

extension products that are complementary to each nuclei? acid «2!h'^'?P*' '''^ P'*"'^^ 

.nitiated at the 3' end of each primer and will procce!"" t^e 5' di?ic.rn„ S'"'''^ '"^ ''^'""'^ ' 

synthesis temiinates. producing molecules of different lenoths Sr'l'^''"^ ♦^'"P'^'* 

howe^r.whichinitiatessynthesisattheS'endandpJ^Jedjy^tSeolIer^^^ ^ ' thermostable enzyme, 
described above. proceeas in tne other direction, using the same process as 

The thermostable enzyme herein must satisfy a single criterion to be etfPrtK,» ♦ 

J a o uenon lo De effective for the amplification reaction. £ 
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i.e.. the enzyme must not become irreversibly denatured (inactivated) when subjected to the elevated 
temperatures for the time necessary to effect denaturatlon of double-stranded nucleic acids. Irreversible 
denaturation for purposes herein refers to permanent and complete loss of enzymatic activity. The heating 
conditions necessary for denaturation will depend, e.g.. on the buffer salt concentration and the length and 

5 nucleotide composition of the nucleic acids being denatured, but typically range from about 90 to about lOS^'C 
for a time depending mainly on the temperature and the nucleic acid length, typically about 0.5 to four minutes. 
Higher temperatures may be tolerated as the buffer salt concentration and/or GC composition of the nucleic 
acid is increased. Preferably, the enzyme will not become irreversibly denatured at about 90-100X. 
The thermostable enzyme herein preferably has an optimum temperature at which it functions that is higher 

10 than about 40° C. which is the temperature below which hybridization of primer to template is promoted, 
although, depending on (1) magnesium and salt concentrations and (2) composition and length of primer, 
hybridization can occur at higher temperature (e.g.. 45-70*^0. The higher the temperature optimum for the 
enzyme, the greater the specificity and/or selectivity of the primer-directed extension process. However, 
enzymes that are active below 40** C. e.g., at 37*»C, are also within the scope of this invention provided they are 

15 heat-stable. Preferably, the optimum temperature ranges from about 50 to 90*^0, more preferably 60-80*' C. 
The thermostable enzyme herein may be obtained from any source and may be a native or recombinant 
protein. Examples of enzymes that have been reported in the literature as being resistant to heat include 
heat-stable polymerases, such as. e.g.. polymerases extracted from the thermophilic bacteria Thermus fiavus. 
Thermus ruber . Thermus thermophilus . Bacillus stearothermophilus (which has a somewhat lower 

20 temperature optimum than the others listed). Thermus aquaticus . Thermus jacteus. Thermus rubens. and 
Methanothermus fervidus . 

The preferred thermostable enzyme herein is a DNA polymerase isolated from Thermus aquaticus . Various 
strains thereof are available from the American Type Culture Collection, Rockville, Maryland, and is described 
by T.D. Brock. J. Bact. (1969) 98:289-297, and by T. Oshima. Arch. Microbiol. (1978) 117: 189-196. One of these 
25 preferred strains is strain YT-1. 

For recovering the native protein the cells are grown using any suitable technique. One such technique is 
described by Kaledin et al., Blokhimiya (1980). supra . Briefly, the cells are grown on a medium, in one liter, of 
nitrilotriacetic acid (100 mg), tryptone (3 g). yeast extract (3 g). succinic acid (5 g). sodium sulfite (50 mg). 
riboflavin (1 mg). K2HPO4 (522 mg). MgSO4(480 mg). CaCl2 (222 mg). NaCI (20 mg). and trace elements. The 
30 pH of the medium is adjusted to 8.0 ± 0.2 with KOH. The yield is increased if cultivated with vigorous aeration 
up to 20 g/liter of cells at a temperature of 70** C. Cells in the late logarithmic stage (determined^by absorbance 
at 550 nm) are collected by centrifugatlon. washed with a buffer and stored frozen at -20*' C. 

In another method for growing the cells, described in Chien et al., J. Bacteriol . (1976), supra , a defined 
mineral salts medium containing 0.30/b glutamic acid supplemented with 0.1 mg/1 biotin. 0.1 mg/1 thiamine, and 
35 0 05 mg/1 nicotinic acid is employed. The salts include nitrilotriacetic acid. CaS04. MgS04. NaCI. KNO3. 
NaNOa. 2nS04. H3BO3, CuS04. NaMo04. C0CI2. FeCb, MnS04. and Na2HP04. The pH of the medium is 
adjusted to 8.0 with NaOH. 

In the Chien et al. technique, the cells are grown initially at 75** C in a water bath shaker. On reaching a certain 
density. 1 liter of these cells is transferred to 16-liter carboys which are placed in hot-air incubators. Stenle air 
40 is bubbled through the cultures and the temperature maintained at 75^*0. The cells are allowed to grow for 20 
hours before being collected by centrifuge. 

After cell growth, the isolation and purification of the enzyme take place in six stages, each of which is 
carried out at a temperature below room temperature, preferably about 4**C. 
In the first stage or step, the cells, if frozen, are thawed, disintegrated by ultrasound, suspended in a buffer 
45 at about pH 7.5, and centrifuged. 

In the second stage, the supernatant is collected and then fractionated by adding a salt such as dry 
ammonium sulfate. The appropriate fraction (typically 45-750/o of saturation) is collected, dissolved in a 02 
potassium phosphate buffer preferably at pH 6.5. and dialyzed against the same buffer. 
The third step removes nucleic acids and some protein. The fraction from the second stage is applied to a 
50 DEAE-cellulose column equilibrated with the same buffer as used above. Then the column is washed with the 
same buffer and the flow-through protein-containing fractions, determined by absorbance at 280 nm. are 
collected and dialyzed against a 10 mM potassium phosphate buffer, preferably with the same ingredients as 
the first buffer, but at a pH of 7.5. , . ^ 

In the fourth step, the fraction so collected is applied to a hydroxyapatite column equilibrated with the butter 
55 used for dialysis in the third step. The column is then washed and the enzyme eluted with a linear gradient of a 
buffer such as 0.01 M to 0.5 M potassium phosphate buffer at pH 7.5 containing 10 mM 2-mercaptoethanol and 
50/0 glycerine. The pooled fractions containing thermostable enzyme (e.g.. DNA polymerase) activity are 
dialyzed against the same buffer used for dialysis in the third step. 
In the fifth stage, the dialyzed fraction is applied to a OEAE-cellulose column, equilibrated v^rith the buffer 
60 used for dialysis in the third step. The column is then washed and the enzyme eluted with a linear gradient of a 
buffer such as 0.01 to 0.6 M KCI in the buffer used for dialysis in the third step. Fractions with thermostable 
enzyme activity are then tested for contaminating deoxyribonucleases (endo- and exonucleases) using any 
suitable procedure. For example, the endonuclease activity may be determined electrophoreticalty from the 
change in molecular weight of phage X ONA or supercoiled plasmid DNA after incubation with an excess of 
€5 DNA polymerase. Similarly, exonucleasc activity may be determined electrophoretically from the change in 
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molecular weight of DNA after treatmpnt mith «> • 

The fractions determined to hi^e nTdeoxvl^^^^^^^^ T'^' """" 
buffer used in the third step <>"xynbonuclease activity are pooled and dialyzed against the same 

colC:n^s'^:s^^nd^:'n^?S^^^^^^^^^^ phosphocelMose column with a set bed vo.ume.The 

86.000-90.000 dallons ^ '* «termined by the above method to be about 

• fl-:VnS?S/s%^Te%lJ bU "^^""^ techniques, as the 

sequence for the Thermu^S^^T^oVraSSeSSf^^^^^^ ^''t "^'^^''''''^'^ 
an approximatelylTWbiklkbrBQH?-A^^^^^^ 

genomic ONA Insert fragment, mi bSSge STs^^^ - ^8 kb 

(ATCC) on May 29. 1987 and has accessToZo JJ^ J'em^ttr thl 0.^^^ t" ^^"^ 

polymerase geL while theVelS^ctaUem S p'^cSrco^^^^^^^^^^^ 

.recoct: is not required to 

wherein approximately one-third of tL codinrsLen^ f T"!!^' -^'"'"O'lerminal deletions ; 

that is quite active in polymerase assays ^ ^ '^""""'^ P^°'*"'='"9 » S^ne product 

porymrsfm^y^^^m's^^^^ "1^^^::;:^^;:^ ''vt'^ «=-p^*^'"9 

obtain fragments that retain acLrSuci atteS;?^ 

sequence encoding such protein Xom thetSi^n of geSe '° "'"^^^ ^ 

Thus, modifications to the primary structure itself by deletion addition or aitPrMinn «f .k 
incorporated into the sequence durina translation can he Z^Jia^llnZ ?^ \ alteration of the ammo acids 
Such substitutions or other alteXns reXlf in r>rotPint destroying the activity of the protein, 

fainng within the contemplated Ce oMhi preS Tnlention " '"'"^ "^'^^"^ ''^ ^'^^ 

inv:i?:irdXira?h'^^^^^^^^^ prr^er''^ ^^'^ ' 

coding sequence as describ irbrow T clo SeS^^^ ^PP^°P"«'« 

Thua. these tools can provide the complete coding sequence for Tan S , 
expression vectors applicable to a varietv of host^^u^mtV^St \^ polymerase from which 
expressed. It is also evWent from t^fScSig'^M S^^^^^ «"<^ •'decoding sequence 

useful as probes to retrieve other thermostable poCase^IncodiSo * 
Accordingly, portions Of the genomic DNA encodinSa??as" x1miSo^ ? ° ^^"^'^ "P"'"" 

denatured forms used as probes or oligodeoxyribonudeotSe^ 

least six amino acids and used to retrieve adSnaToSll « !u ''^ sy^'^^esized which encode at 
there may not be a precisel/exact Z crhetwp»^^^^^^ encoding a thermostable polymerase. Because 
and that in the co" ^rond Srpor^irot o^S^soecr^^^ '""^ ^hermus aquaticus fom, so 

(encoding the six amTn^aS s'tShVare 5 SyTec«^^^^^^^ 

sufficient stringency to eliminate false positives T^e sequen«^ ^ °' 
information sufficient for such probes. sequences encoding six ammo acids would supply 

Suitable Host s. Control Systems and Methods ^ 
Taq polymerase to an additional sequence that dies not 7eSroy ^ac S^^^^^ 

cleavable under controlled conditions (such as treatment with MDtWa«r.« „ additional sequence 
sequence is uninterrupted by inlrons it is suitable for expreston^'Ty holt Th^H/" DT. ' ^ 
excisable and recoverable form ^ • '* sequence should be in an 
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polymerase. Optionatly the Taq polymerase is isolated from the medium or from the cells; recovery and 
purification of the protein may not be necessary in some instances, where some impurities may be tolerated. 

Each of the foregoing steps can be done in a variety of ways. For example, the desired coding sequences 
may be obtained from genomic fragments and used directly in appropriate hosts. The constructions for 
5 expression vectors operable in a variety of hosts are made using appropriate replicons and control sequences, 
as set forth below. Suitable restriction sites can. if not normally available, be added to the ends of the coding 
sequence so as to provide an excisable gene to insert into these vectors. 

The control sequences, expression vectors, and transformation methods are dependent on the type of host 
cell used to express the gene. Generally, procaryotic. yeast, insect or mammalian cells are presently useful as 
10 hosts. Procaryotic hosts are in general the most efficient and convenient for the production of recombinant 
proteins and therefore preferred for the expression of Taq polymerase. 

In the particular case of Taq polymerase, evidence indicates that considerable deletion at the N-terminus of 
the protein may occur under both recombinant and native conditions, and that the activity of the protein is still 
retained. It appears that the native proteins isolated may be the result of proteolytic degradation, and not 
15 translation of a truncated gene. The mutein produced from the truncated gene of plasmid pFC85 is. however, 
fully active in assays for DNA polymerase, as is that produced from DNA encoding the full-length sequence. 
Since it is clear that certain N-terminal shortened forms are active, the gene constructs used or expression of 
the polymerase may also include the corresponding shortened forms of the coding sequence. 

20 Control Sequences and Corresponding Hosts 

Procaryotes most frequently are represented by various strains of E. coli. However, other microbial strains 
may also be used, such as bacilli, for example. Bacillus subtilis , various species of Pseudomonas . or other 
bacterial strains. In such procaryotic systems, plasmid vectors that contain replication sites and control 
sequences derived from a species compatible with the host are used. For example, E. coli is typically 
25 transformed using derivatives of pBR322. a plasmid derived from an E. coli species by Bolivar, et al., Gene 
(1977) 2:95. pBR322 contains genes for ampicillin and tetracycline resistance, and thus provides additional 
markers that can be cither retained or destroyed in constructing the desired vector. Commonly used 
procaryotic control sequences, which are defined herein to include promoters for transcription initiation, 
optionally with an operator, along with ribosome binding site sequences, include such commonly used 
30 promoters as the p-lactamase (penicillinase) and lactose (lac) promoter systems (Chang, et al.. Nature (1977) 
198:1056). the tryptophan (trp) promoter system (Goeddel, et al.. Nucleic Acids Res, (1980) 8:4057) and the 
lambda-derived Pl promoter (Shimatake, et at., Nature (1981) 292:128) and N-gene ribosome binding site, 
which has been made useful as a portable control cassette, which comprises a first DNA sequence that is the 
Pt promoter operably linked to a second DNA sequence corresponding to Nrbs upstream of a third DNA 
35 sequence having at least one restriction site that permits cleavage within six bp 3' of the Nrbs sequence. Also 
useful is the phosphatase A (phoA) system described by Chang, et al. in European Patent Publication 
No. 196,864 published October 8, 1986. assigned to the same assignee. However, any available promoter 
system compatible with procaryotes can be used. 
In addition to bacteria, eucaryotic microbes, such as yeast, may also be used as hosts. Laboratory strains of 
40 Saccharomyces cerevisiae . Baker's yeast, are most used, although a number of other strains are commonly 
available. While vectors employing the 2 micron origin of replication are Illustrated (Broach. J. R.. Meth. Enz. 
(1983) 101:307), other plasmid vectors suitable for yeast expression are known (see. for example, 
Stinchcomb. et al.. Nature (1979) 282:39. Tschempe, et al, Gene (1980) 10:157 and Clarke. L. et al.. Meth. Enz. 
(1983) 101:300). Control sequences for yeast vectors include promoters for the synthesis of glycolytic 
45 enzymes (Hess, et al.. J. Adv. Enzyme Reg. (1968) 7:149; Holland, et al.. Biotechnology (1978) 17:4900), 

Additional promoters known in the art include th"e promoter for 3-phosphoglycerate kinase (Hitzeman. et al.. 
J. Biol. Chem. (1980) 255:2073). and those for other glycolytic enzymes, such as glyceraldehyde-3-phosphate 
dehydrogenase, hcxqkinase, pyruvate decarboxylase, phosphofructokinase. glucose-6-phosphate isome- 
rase. 3-phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase. phosphoglucose isomerase, 
SO and glucokinase. Other promoters that have the additional advantage of transcription controlled by growth 
conditions are the promoter regions for alcohol dehydrogenase 2, isocytochrome C, acid phosphatase. 
^ degradative enzymes associated with nitrogen metabolism, and enzymes responsible for maltose and 

galactose ultilization (Holland, supra ). 
It is also believed that terminator sequences are desirable at the 3' end of the coding sequences. Such 
55 terminators are found in the 3' untranslated region following the coding sequences in yeast-derived genes. 
Many of the vectors illustrated contain control sequences derived from the enolase gene containing plasmid 
peno46 (Holland. M. J., et al.. J. Biol. Chem. (1981 ) 256:1385) or the LEU2 gene obtained from YEp13 (Broach, 
J., et al.. Gene (1978) 8:121); however, any vector containing a yeast-compatible promoter, origin of 
replication, and other control sequences is suitable. 
60 It is also, of course, possible to express genes encoding polypeptides in eucaryotic host cell cultures 
derived from multicellular organisms. See, for example. Tissue Culture . Academic Press. Cruz and Patterson, 
editors (1973). Useful host cell lines include murine myelomas N51, VERO and HeLa cells, and Chinese 
hamster ovary (CHO) cells. Expression vectors for such cells ordinarily include promoters and control 
sequences compatible with mammalian cells such as. for example, the commonly used earty and late 
$5 promoters from Simian Virus 40 (SV 40) (Fiers. et al.. Nature (1978) 273:1 13). or other viral promoters such as 
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those derived from polyoma. Adenovirus 2 h • 

immunoglobulin promoters and heat «h«,.i, « oovine papiloma virus, or avian sarcoma vim... 
using the BPV as^ vec o is Tscb^^^^^^^^^ ^^T'' '^^'^'^ '"^ «P'««'"fl ^^A in mammalirsvl- ' 

U.S. Patent 4.601.978. Genera aspect ^^^^^^^^^ 'modification of this systemTs SescS 
by Axel. V.S. Patent No. 4.399 216 h now T^ZT "I 'y^'*"" »«ns'o™ations have been deSriJ^H 

expression: these are. gener^v seau2nr*^f"?- 'enhancer- regions are important in ooS^f 
be Obtained, if neede'dTo^ "J sTces^^^^^^^^ 

mechanism for ONA replication in eucariotes ' chromosome is a commoJ 

Plant cells are also now available as hft«fe «" m 

Transformations 

Construction of a Xatii Pv presslon Library 

fragments, generated by complete digestion of ThPrt.f. I T constructed of EcoRI-fianked Alul 

S cf " TV '^"'"^ ^^^^'^ot\t^ Site inlFe' 

E£oRI site .n th.s bacteriophage is locat ed m the carboxyl-temi^^nus Si B,! , f 

irrfa=— ^^^^^^^^^^^ 

sequence encoded by the phage, to confirm fhe idenm r«. „^ ,Tt l""^^^"'" against the fusion protein 
recombinant phages could be^creened ^tS^s'',^^^^^^^^^^ '"^'^ "b'-'y of 

P.yn.rase in order to ident^ p.age that car. 0^'^%^^;^'^-^^^^^^^^ Ta. 

.h-JSrren%;%rs;^^^^^^^^ ^ff ra. po^merase antiserum, .n 

~nd.date plaques Which failed to react v^thprTmmuJ^^^^^^ P"""" P"^''^'^ fro"" 

n some detail. To examine the fusion proteins ^Sed bvT r»l I **** '"a'/^ed 
the host Y1089 are produced. Upon induction of the JsogeJs !L o«u.ol^^ T^'- '^'"9^"^ °* "'^ PhaJe in 
each lysogen may be observed lo produce a new Si Jft ,^^^ 

"""enf -nay result. Phage containing posLe signTte ^re^^^^^ ''"P""'* 
picked for further identification and replaled at lowe densif te! P«'«^e P'^Que was 

lyere analyzed by size class via digestion "th EcoR? res recombinants and the purified clones 

Isolated DNA insert sequences and labeleTapfgpiaTraJS -^ade of the 

g;;yor Plaquehybridizatlon assays descrit^^g-^^ 

~rA^S.^:tT l^Ti^Z'^TrT.^^^^^^^^ • Charon 35 bacteriophage 

genomic Thennusagu^^ Sau3A partial digestions of 

of the Charon 35 phl^iTfhi probe was used toTsollte Saoe cln..£? ^amHI site 

One Of the resulting pt^^, designate- ChS:?^^^^^^''^"^^ «"'^*>*"9 the Taq pSi^Serase. 

s«pjences er-»ong pcnions of tre 9ene\,erB >istisS^a ^'''-^ =^ ^"^^ i^"* 
Vector Construction 
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Catalog. In general, about 1 \ig of plasmtd or ONA sequence is cleaved by one unit of enzyme in about 20 ^l of 
buffer solution: in the examples herein, typically an excess of restriction enzyme is used to ensure complete 
digestion of the DNA substrate. Incubation times of about one hour to two hours at about 37*»C are workable, 
although variations can be tolerated. After each incubation, protein Is removed by extraction with 
5 phenol/chloroform, and may be followed by ether extraction, and the nucleic acid recovered from aqueous 
fractions by precipitation with ethanol. If desired, size separation of the cleaved fragments may be performed 
by polyacrylamide gel or agarose gel electrophoresis using standard techniques. A general description of size 
separations is found in Methods in Enzymology (1980) 65:499-560. rkWA 
Restriction-cleaved fragments may be blunt-ended by treating with the large fragment of E. coli DNA 
W polymerase I (Klenow) in the presence of the four deoxynucleotide triphosphates (dNTPs) using incubation 
times of about 15 to 25 minutes at 20 to 25''C in 50 mM Tris pH 7.6. 50 mM NaCI. 10 mM MgCl2. 10 mM DTT and 
50-100 ^M dNTPs. The Klenow fragment fills in at 5' sticky ends, but chews beck protruding 3' single strands, 
even though the four dNTPs are present. If desired, selective repair can be performed by supplying only one of 
the. or selected. dNTPs within the limitations dictated by the nature of the sticky ends. After treatment with 
IS Klenow, the mixture is extracted with phenol/chloroform and ethanol precipitated. Treatment under 
appropriate conditions with SI nuclease results in hydrolysis of any single-stranded portion. 

Synthetic oligonucleotides may be prepared using the triester method of Matteucci. et al., (J. Am. Chem. 
Soc (1981) 103:3185-3191) or using automated synthesis methods. Kinasing of single strands pnor to 
iSFiialing or forlabeling is achieved using an excess, e.g.. approximately 10 units of polynucleotide kinase to 1 
20 nM substrate in the presence of 50 mM Tris, pH 7.6. 10 mM MgCl2. 5 mM dithiothreitol, 1-2 mM ATP. If kinasing 
is for labeling bf probe, the ATP will contain high specific activity y-^^P. 

Ligations are performed in 15-30 \i\ volumes under the following standard conditions and temperatures: 20 
mM Tris-CI pH 7.5. 10 mM MgCla. 10 mM DH. 33 ^g/ml BSA. 10 mM-50 mM NaCI, and either 40 ^M ATP. 
0 01-0 02 (Weiss) units T4 DNA ligase at 0°C (for "sticky end' ligation) or 1 mM ATP. 0.3-0.6 (Weiss) units T4 
25 DNA ligase at 14**C (for 'blunt end" ligation). Intermolecular "sticky end" ligations are usually performed at 
33-100 ug/ml total DNA concentrations (5-100 nM total end concentration). Intermolecular blunt end ligations 
(usually employing a 10-30 fold molar excess of linkers) are performed at 1 \lM total ends concentration^ 
In vector construction employing "vector fragments", the vector fragment is commonly treated with 
bacterial alkaline phosphatase (BAP) in order to remove the 5' phosphate and prevent religation of the vector. 
30 BAP digestions are conducted at pH 8 in approximately 150 mM Tris, in the presence of Na+ and Mg+z using 
about 1 unit of BAP per mg of vector at SO'^C for about one hour. In order to recover the nucleic acid 
fragments the preparation is extracted with phenol/chloroform and ethanol precipitated. Alternatively, 
religation can be prevented in vectors that have been double digested by additional restriction enzyme 
digestion of the unwanted fragments. 



35 



Modificat ion of DNA Sequences 

For portions of vectors derived from cDNA or genomic DNA that require sequence modifications 
site-specific primer-directed mutagenesis is used. This technique is now standard in the art. and ts conducted 
using a primer synthetic oligonucleotide complementary to a single-stranded phage DNA to be mutagenized 

40 except for limited mismatching, representing the desired mutation. Briefly, the synthetic oligonucleotide is 
used as a primer to direct synthesis of a strand complementary to the phage, and the resulting 
double-stranded DNA is transformed into a phage-supporting host bacterium. Cultures of the transformed 
bacteria are plated in top agar, permitting plaque formation from single cells that harbor the phage. 
Theoretically 500/o of the new plaques will contain the phage having, as a single strand, the mutated iom\ 

45 500/0 will have 'the original sequence. The plaques are transferred to nitrocellulose filters and the "lifts 
hybridized with kinased synthetic primer at a temperature that permits hybridization of an exact match but at 
which the mismatches with the original strand are sufficient to prevent hybridization. Plaques that hybridize 
with the probe are then picked and cultured, and the DNA is recovered. 

SO Verific ation of Construction 

In the constructions set forth below, correct ligations for plasmid construction are confirmed by first 
transforming E. coli strain MM294. or other suitable host, with the ligation mixture. Successful transformants 
are selected by aSpicillin, tetracycline or other antibiotic resistance or uising other markers, depending on the 
mode of plasmid construction, as is understood in the art. Plasmids from ^^^^^ transf or^^^^^^ 

55 according to the method of Clewell, D.B.. et al., Proc. Natl. Acad. Sci. t^SA) (1969 62:1159 optional y 
following chloramphenicol amplification (Clewell, D.B., J. Bacterid. (1972) VI0:667 . The isolated DNA .s 
analyzed by restriction and/or sequenced by the dideoxy method of Sanger F. et * 'g^c^^^^^Sg^ 
(USA) (1977) 74:5463 as further described by Messing, et al.. Nucleic Acids Res. (1981) 9:309. or by the 
Siithod of Maxam. et al.. Methods In Enzymology (1980) 65:499. 
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Host Exemplified . * „ 

Host strains used In cloning and expression herein are as follows: 

For clonina and sequencing, and for expression of constructions under control of most bacterial promoters, 
E coli strain MM294 obtained from E. coli Genetic Stock Center GCSC #6135, was used as the host. For 
FxpFSssion under control of the PuNRBSpromoter. E. coli strain K12 MC1000 lambda lysogen. N7N53CI857 
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t^r"^T^ " £ S25 D0.«. wMch ^„ „CC ,ATCC 

Stabilization of Enzyme Activity 

disclosure of which is Incorporated herein by reference. Preferably the deSrVenui^^^^^^^ 

group comprising ethoxylated fatty alcohol ethers and lauryl ethers ethoxvlated alkvl o^tn«il i f . ^'^ 

polyethoxy ethanol compounds modified a^^Jy^Jt^i^T^J^!^, phenols, octylphenoxy 

Amplification Protocol ^5 

Any nucleic acid sequence, in purified or nonpurified form can be utilized th» „ . • . ^ 

provided i, contains or is suspected to contain the specific nucSc acid equencV ^ 
may employ, for example. DNA or RNA. including messenger RNA which DNA or nMrm!„ K " . ? !" 
or double-stranded. In addition a DNA-RNA ^ViH wK^rri^V'-^^^ 

Which may be the same or different ThPrpfnrfl tho JZZmZ?! desired specific nucleic acid sequence 

about 90-100'C. until cell lysis and d^ispersion of intTacl^r?^^^^^ 

After tje heating step the amplification reagents may be added direct t^'-JseJ cells sn 

Any specific nucleic acid sequence can be produced by the amplification oror«. • . .... 
sufficient number of bases at both ends of the sequencrbVScS^TsSi^^^^^^ 

oligonucleotide primers can be prepared Which will hybn^Jize to dWerenT^Trands^^^^^^^^ . '° °, 
at relative positions along the sequence such that an extension Set SSizId^^^^^^ """'"^^J 
.s separated from its template (complement,, can serve as a tem^plateVoSSorerhe^S^^^ 1 es 
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nucleic acid sequence of defined length. The greater the knowledge about the bases at both ends of the 
sequence, the greater can be the specificity of the primers for the target nucleic acid sequence, and thus the 
greater the efficiency of the process. 
It will be understood that the word "primer^ as used hereinafter may refer to more than one primer. 
5 particularly in the case where there is some ambiguity in the information regarding the terminal sequence(s) of 
the fragment to be amplified. For instance, in the case where a nucleic acid sequence is inferred from protein 
sequence information, a collection of primers containing sequences representing all possible codon variations 
based on degeneracy of the genetic code will be used for each strand. One primer from this collection will be 
homologous with the end of the desired sequence to be amplified. 
10 The oligonucleotide primers may be prepared using any suitable method, such as. for example, the 
phosphotriester and phosphodiester methods described above, or automated embodiments thereof. In one 
such automated embodiment, diethytphosphoramidites are used as starting materials and may be synthesized 
as described by Beaucage et al.. Tetrahedron Letters (1981). ^:1859-1862. One method for synthesizing 
oligonucleotides on a modified solid support is described in U.S. Patent No. 4.458,066. It is also possible to use 
1$ a primer which has been isolated from a biological source (such as a restriction endonuclease digest). 

The specific nucleic acid sequence is produced by using the nucleic acid containing that sequence as a 
template. The first step involves contacting each nucleic acid strand with four different nucleotide 
triphosphates and one oligonucleotide primer for each different nucleic acid sequence being amplified or 
detected. If the nucleic acids to be amplified or detected are DNA. then the nucleotide triphosphates are dATP. 
20 dCTP, dGTP and TTP. 

The nucleic acid strands are used as a template for the synthesis of additional nucleic acid strands. This 
synthesis can be performed using any suitable method. Generally it occurs in a buffered aqueous solution, 
preferably at a pH of 7-9. most preferably about 8. Preferably, a molar excess (for cloned nucleic acid, usually 
about 1000:1 primerrtemplate, and for genomic nucleic acid, usually about 10«:1 primeritemplate) of the two 
25 oligonucleotide primers is added to the buffer containing the separated template strands. It is understood, 
however, that the amount of complementary strand may not be known if the process herein is used for 
diagnostic applications, so that the amount of primer relative to the amount of complementary strand cannot 
be determined with certainty. As a practical matter, however, the amount of primer added will generally be in 
molar excess over the amount of complementary strand (template) when the sequence to be amplified is 
30 contained in a mixture of complicated long-chain nucleic acid strands. A large molar excess is preferred to 
improve the efficiency of the process. 

Preferably the concentration of nucleotide triphosphates is 150-200 jiM each in the buffer for amplification 
and MgCl2 is present in the buffer in an amount of 1.5-2 mM to increase the efficiency and specificity of the 
reaction. 

35 The resulting solution is then treated according to whether the nucleic acids being amplified or detected are 
double or single-stranded. If the nucleic acids are single-stranded, then no denaturation step need by 
employed, and the reaction mixture is held at a temperature which promotes hybridization of the primer to its 
complementary target (template) sequence. Such temperature is generally from about 35* C to 65** 0 or more, 
preferably about 37-60** C for an effective time, generally one-half to five minutes, preferably one-three 
40 minutes. Preferably. 45-58*C is used for Taq polymerase and > 15-mer primers to increase the specificity of 
primer hybridization. Shorter primers need lower temperatures. 

The complement to the original single-stranded nucleic acid may be synthesized by adding one or two 
oligonucleotide primers thereto. If an appropriate single primer is added, a primer extension product is 
synthesized iri the presence of the primer, the thermostable enzyme and the nucleotide triphosphates. The 
45 product will be partially complementary to the single-stranded nucleic acid and will hybridize with the nucleic 
acid strand to form a duplex of strands of unequal length which may then be separated into single strands as 
described above to produce two single separated complementary strands. Alternatively, two appropriate 
primers may be added to the single-stranded nucleic acid and the reaction carried out. 
If the nucleic acid contains two strands, it Is necessary to separate the strands of the nucleic acid before it 
50 can be used as the template. This strand separation can be accomplished by any suitable denaturing method 
including physical, chemical or enzymatic means. One preferred physical method of separating the strands of 
the nucleic acid involves heating the nucleic acid until it is completely (>990/o) denatured. Typical heat 
denaturation involves temperatures ranging from about 90 to 105*0 for times generally ranging from about 0.5 
to 5 minutes. Preferably the effective denaturing temperature is 90-100*0 for 0.5 to 3 minutes. Strand 
55 separation may also be induced by an enzyme from the class of enzymes known as helicascs or the enzyme 
RecA. which has helicase activity and in the presence of riboATP is known to denature DNA. The reaction 
conditions suitable for separating the strands of nucleic acids with helicases are described by Kuhn 
Hoffmann-Beriing. CSH-Quantitatlve Biology . 43:63 (1978). and techniques for using RecA are reviewed in C. 
Radding. Ann. Rev. Genetics . 16:405-37 (1982). The denaturation produces two separated complementary 
60 strands of equal or unequal length. 

tf the double-stranded nucleic acid is denatured by heat, the reaction mixture is allowed to cool to a 
temperature which promotes hybridization of each primer present to its complementary target (template) 
sequence. This temperature is usually from about 35*0 to 65*0 or more, depending on reagents, preferably 
37-60*0. maintained for an effective time, generally 0.5 to 5 minutes, and preferably 1-3 minutes. In practical 
65 terms, the temperature Is simply lowered from about 95*0 to as low as 37"C. preferably to about 45-58*0 for 
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'X.Xrr„uc;'^^^^^^^ ^-P-t- ^thi„ th. range. 

denaturations.epo;v5,:;^^^^^^^^^^^^^ enzyme n,ay be a..e. a. .he 

The reaction mixture is then healed to a leniDerSu^f 2.^ k .L Promoting hybridizalicn 

optimized. i.e.. a temperature sufncien?tJ nSTe Ict^ If ?h » Promoted or 

prmr extension products from the hySr^^Sd p^me^^^^^^^^ 

sufficient to synthesize an extension product of each nrimpr S ^''e ♦^'"Perature must actually be 
template, but must not be so high as to der«tS/«l'L T ^ '* "'"P'^'^entary to each nucleic acid 
(l.e the temperature is generaSy isl thrabTu^^ 

for'tSfs'^Sr^^^^^^ .he typical temperature effect.e 

preferably ranges from ablut 65-75 'c'^^^a o^^^^ 

period of time required for this synthesis may Jange frSX^ 0 Jls^ ^^^^ The 
on the temperature, the length of the nucleic acid ihl ^nrSi-^^; . J ^ ^'?"^*' depending mainly 

preferably one to three minutes. If thrnucteic Icii l. ^ "'"P'^^'.V <he nucleic acid mixture 

presence of dimethylsulfoxide (OfSsS iS^nprtlLl! " Severally required The 

Taq polymerase eriyme actwS ' '"*''"'""''^'*"*"'"™"''*'* DMSO was found^^^^^^^ 

molecule are separated by he«Ven?tur2i?n af^^^^^^^^^ CoubIe-«Sd 

high that the thermostable enzyme Is comotettiJ^JnH If *° denature the molecule, but not so 

on the type of enzyme and thTTenSh oTSSJKinr^^^^^^^^^ 'nBcti.ateci. Depending S 

105-C. more preferably 90-100'C. Td ?he Sme for J^na url^f w """S" fr*"" aboJt W ,? 

depending rnainly on the temperature and Ze^ '""^ 

com^re'n^lrs^^^^^^^^^^^^ ^reT^o^h^r °' ^ - 

described above. tiempiaie» produced from the previous step. Such temperature is 

synthesis, of a primer extension product using rtTmDiate tJf n^L J '° ^"able 

step. The temperature again must not be so high Is tfseVaratSSp^^^ '^""^ 
template, as previously described (usually from 4^ to 80'C fnfo P^°'^"^' 'r°"' 

one-three minutes). Hybridation may o«ur during tWs steo so lt^l!^ '"'"'''''"^ ^ '""C for 
jenat^tion is not required. In such a^ case. usingru'Sus^p:: lUt pS^d S^J^S^Z 

reJ^e^arnS^^^^^ product synthesis can be 
on the Ultimate use. The only limitation is the aS^ount of 2^^^^^^ 

triphosphates present. Prefe^bly. the steps ^JTepeatei at 1^^^^^^ '"^^ ""^^'^o"''^ 

cycles Will depend, e.g.. on the nature of the ?or tJlmnS ^^"^ ""-"ber of 

being amplified is pure. If the sample is TcoS mSu?e oTnu<;ilr" '"''"'^^'^ sample 

Kd^sir^isr 

repeated preferably 15-30 times to amplify^the T^ue^^Je sSS^r'^ ^""^ P'*'""- P^<««** 

'?sw;,'^d;rrj''r'*«~^^^ noi«irs^:r?„rrf?re'ShTJ^^^^^^^^^ * ^^^^^ '^'^"'^ « 
acr:a;:fnr?~^^^^^^ 

prXlS?e:C"'?S^^^^^^^^^^ after the Initial addition, 

replenish the enzyme after each denaturing SerAddi ?iL rif?r f '^^^^ *" ««« " « necessary to 
adversely affect the reaction. "'"""""^ ^"ch materals at each step, however, will not 

^.Sofn^uSSr^^^^^^^ sequence from the «rst nucleic acid or 

rf two different specific nucK acid seaSes are to hp n «h L^J"*" ^""""'^ "'"''ed. For example, 

primers are specific for one of thJ^peSnuc"^^^^^^^ ^'^'^ 

the second specific nucleic acid sequence In thS^^^^^^^ Prf^ers are specific for 

produced exponentia;jy by the prLnt prowss ° * ^ 

seJX^KX^^^^^^^^^^ . 

the'ieVcjr^:;?.^^^^^^ s^ rtSV" °' - —e'* • 

a certain level for a ceLn tim^ ^ ^"''^ « P'°^^^ 
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One such instrument for this purpose is an automated machine for handling the amplification reaction of this 
invention. This instrument utilizes a liquid handling system under computer control to make liquid transfers of 
enzyme stored at a controlled temperature in a first receptacle into a second receptacle whose temperature is 
controlled by the computer to conform to a certain incubation profile. The second receptacle stores the 

5 nucleic acid sequence(s) to be amplified plus the nucleotide triphosphates and primers. The computer 
includes a user interface through which a user can enter process parameters that control the characteristics 
of the various steps in the amplification sequence such as the times and temperatures of incubation, the 
amount of enzyme to transfer, etc. 
A preferred machine that may be employed utilizes temperature cycling without a liquid handling system 

10 because the enzyme need not be transferred at every cycle. Such a machine consists of the following 
systems: 

1. A heat-conducting container for holding a given number of tubes, preferably 500 \l\ tubes, which 
contain the reaction mixture of nucleotide triphosphates, primers, nucleic acid sequences, and enzyme. 

2. A means to heat, cool, and maintain the heat-conducting container above and below room 
75 temperature, which means has an Input for receiving a control signal for controlling which of the 

temperatures at or to which the container is heated, cooled or maintained. (These may be Peltier heat 
pumps available from Materials Electronics Products Corporation in Trenton. NJ or a water heat 
exchanger.) 

3. A computer means (e.g., a microprocessor controller), coupled to the input of said means, to 
20 generate the signals that control automatically the amplification sequence, the temperature levels, and 

the temperature ramping and timing. 
In another embodiment, the enzyme used for the synthesis of primer extension products can be 
immobilized in a column. The other reaction components can be continuously circulated by a pump through 
the column and a heating coil in series. Thus, the nucleic acids produced can be repeatedly denatured without 

25 inactivating the enzyme. ^ ^r^^.u * • • 

The amplification protocol is demonstrated diagrammatically below, where double-stranded DNA containing 
the desired sequence (S] comprised of complementary strands (S+l and [S-] is utilized as the nucleic acid. 
During the first and each subsequent reaction cycle, extension of each oligonucleotide primer on the original 
template will produce one new ssDNA molecule product of indefinite length that terminates with only one of 

30 the primers. These products, hereafter referred to as "long products.' will accumulate in a linear fashion; that 
is the amount present after any number of cycles will be proportional to the number of cycles. 

The long products thus produced will act as templates for one or the other of the oligonucleotide primers 
during subsequent cycles and will produce molecules of the desired sequence [5+] or [S-]. These molecules 
wilt also function as templates for one or the other of the oligonucleotide primers, producing further [S+1 and 

35 (S-1, and thus a chain reaction can be sustained that will result in the accumulation of [SJ at an exponential 

rate relative to the number of cycles. * u * , ^• 

By-products formed by oligonucleotide hybridizations other than those intended are not self-catalytic 

(except in rare instances) and thus accumulate at a linear rate. 
The specific sequence to be amplified. [S], can be depicted diagrammatically as: 

rc+] 5' MAAAAAAAAXXXXXXXXXXCCCCCCCCCC 3' 

[S-] 3' TTTTTTrrrTYYYYYYYYYYGGGGGGGGGG 5' 

The appropriate oligonucleotide primers would be: 

Primer 1: 3' GGGGGGGGGG 5' 
Primer 2: 5' AAAAAAAAAA 3' 

so that if DNA containing (S] 

• . . ,22ZZ2ZZZ22ZZ2222AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCZ2Z2ZZ2ZZZ222ZZ2- • . * 
. . . .2222222222222222TTTnTnnYYYYYYYYYYGGGGGGGGGG2222222222222222- . . • 

Is separated into single strands and Its single strands are hybridized to Primers 1 and 2 the following 
extension reactions can be catalyzed by a thermostable polymerase in the presence of the four nucleotide 
triphosphates: 



40 



45 



SO 



55 



60 



€5 



14 



0258 017 



3' 5' 

"^^'"^^^ GGGGGGGGGG PHmer 1 

original template strand" 

. . . •2«"Z22Z2Z2Z2Z2TTTTTTTTnYYYYYYYYYYGGGGGGGGGG2Z2222222Z2Z2222. 
Primer 2 AAAAAAAAAA^ > extends 

On denaturation of the two duplexes formed, the products are: 
3' 



3' 



5' 



newly synthesl2e,J long product 2 
W"er2 5' AMMAAAAA > extends to h.« 

L-;1SlJz%"S1^rp™2rr''*"*''''''=^=='^^^^ 

— GGGGGGGGGG 5' Primer 1 

22222222222222... .3' 

Primer 2 5' . AAAAAAAAAA 



' ' • • • ;f l"Jf "J ""I^^^^^^YY^Y^YYYGGGGGGGGGG 



^extends 

originarie"mSl"a"te";rra';d-" " " " """^^^^'^'^^'^^666662222222222.... 5' 

extends to here^ GGGGGGGGGG 5' Primer 1 

5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC2222222222222222 3- 
newly synthesized long product 2 

1/ the strands of the above tour duplexes are separated, the following strands are found: 
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5* AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC 3' 
newly synthesized [S ] 

3' . . . .ZZZZ2ZZZZZZZZZZZZZ2TTTTTTTTTTYYYYYYYYYYG66GGG6GGG 5* 
first cycle synthesized long product 1 

3* . . . .zzzzzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5' 
newly synthesized long product 1 

5' . . . .zzzzzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzz. . . .3' 
original template strand 

5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCZZZZZZZZZZZZZZZZ...3' 
newly synthesized long product 2 

3'..2ZZZ2ZZZZZZZZZzTTTTTTnTTYYYYYYYYYYGGGG6GGGG6zzzzzzzzzzzzzzzz...5' 
original template strand" 

3' nTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5' 
newly synthesized [S'] 

5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzz. . .3' 
first cycle synthesized long product 2 

^ It is seen that each strand which terminates with the oligonucleotide sequence of one primer and the 

complementary sequence of the other is the specific nucleic acid sequence IS] that is desired to be produced. 
The amount of original nucleic acid remains constant in the entire process, because it is not rephcated. The 

amount of the long products increases linearly because they are produced only from the or.gina nucleic ac.d. 

The amount of the specific sequence Increases exponentially. Thus, the specific sequence will become he 
35 predominant species. This is illustrated in the following table, which indicates the relative amounts of the 

species theoretically present after n cycles, assuming lOOO/o efficiency at each cycle: 
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Mumbep of Double Strands 

After 0 to n C yrloc 

Cycle Number TemnlatA d '"2"^* Specific 
. templat e Products Sequence CSI 



0 

1 

2 

3 

5 
10 
15 
20 

n 1 



1 

1 1 



1 2 

1 3 

1 5 

i 10 

1 15 

1 20 



0 
1 
4 
26 
1013 
32.752 
1,048,555 
n (2"-n-l) 



. ''i^Vul^tS^^^ one ,ong product Is tonne, per cyCe. 

greater specificity Of the°eaction by addinT^^^^^^ amplifications to obtain 

complementary to internal sequences (thatirnot on ihfonHc,!.! a^^P^'cafon a set of primers that are 
may be added at any stage aSS vSrprovide a sSorte? llSf ^ '° ^'"P'**'^- S"ch primers 

be prepared by using primers Sh' noTcomplem^^^^^^^^^ 

previously utilized in the amplification P«'"«"«'y but having some overlap wtth the primers 

in the sequence to be amplified and cloned ^rf^Ihi^' f "f « contained in each of the primers or 

attheS'e^dsofthep^Mo're^^^^^^^^^^ 

the appropriate enrymes. the amplified product crthen betrs5l2«^^^^ 

cloned. This cloning allows the analysis or ewresslo? of i„S». 15 T °' 

If the primers have restriction "rtes iScoroorKh^ """""^'^ products, not a mixture, 

primers. The use. howevH d!fe ent StesS«wf,h«!ntLA- both 
Orientation and supprerermuT;;TnUS^^^^^^ 

one of the tv.o primers. The specific orientation is usef i Xn Sn^Sto s^Jl 2^21?^^^^ ^^'"^ 
when single-strand hybridization probes are used, or when the SS orod^'^^^^^^^ 

One method to prepare the primers is to choose a pri5«? sequencrSii?L ^i^^^ being expressed, 
sequence. Regions in which each of the primers is to be l^tedTscretr^eS homT^? ""T ? 'T' 
appropriate to the desired vector. For example, the targVf s^uTnce ^IgtJ^SS?^ 
base from one containino a RamHi cito a ^riZ^J. y^^* acnuence uau i ATCCGA,.. differs by only one 

and to contarnre Xid ^^fS^ J^i^^^^ll^lV'' ^ « «« 3' end. 

Where the lower case lette's^SS^sT^inSS^ltete^^^^^^ 

will not Interfere with the-ahilitv of tho nrimTr f^T.*^!!- ? V ^"®"*'*'-^'*'^^ 

poVmer.ation.•A^eM!,e^Sil?^^^^^^^^^ sequence and ,o initiate 

exactly with new primers. copied, becomes the target, and matches 

After the amplification process, the products are cleaved with the appropriate restriction enzymes, the 



17 



0258 017 

restriction digest is optionally separated from inhibitors of ligation such as the nucleotide triphosphates and 
salts by, for example, passing over a desalting column, or a molecular weight chronAatography column, or 
through a membrane, and the digestion product(s) containing the amplified sequence to be cloned is/are 
inserted by ligation into a cloning vector such as bacteriophage M13. The cloning vector generally has a 
5 selectable marker and may optionally also have a promoter. The gene may then be sequenced and/or 
expressed, if it codes for a protein, using well known techniques. The gene may also be sequenced by adding 
an appropriate primer during the amplification process which primer is complementary to the desired portion 
which is to be sequenced. The primer will form an extension product, and the extent of amplification with such 
extension product wilt provide sequence information. 
10 Another method for preparing the primers involves taking the 3' end of the primers from the target sequence 
and adding the desired restriction site(s) to the 5' end of the primer. For the above example, a Hindlll site could 
be added to make the sequence -cgaagcttCAGTATCCGA...". where lower case letters are as described 
above. The added bases would not contribute to the hybridization in the first cycle of amplification, but would 
match in subsequent cycles. The final amplified products are then cut with restriction en2yme(s) and cloned 
15 and expressed as described above. The gene being amplified may be. for example, human beta-hemoglobin or 
the human HLA DQ. DR or DP-a and -p genes. 

In an alternative, but less preferred and less efficient, method of cloning wherein btunt-cnd ligation is 
employed rather than sticky-end ligation (using restriction enzymes), the basic amplification procedure is 
employed without concern for restriction enzymes in the primers or sequence(s) to be cloned. The steps must 
20 be repeated sufficiently, however, to produce enough amplified sequence(s) to effect ligation. Blunt-end 
ligation requires greater concentrations of sequence(s) and cloning vector(s) to be present than sticky-end 
ligation. In addition, the ligationtnust take place in the presence of a ligase. such as T4 ligase. E. coli ligase and 
iigase. Once the amplified product is obtained, the ligation procedure is a standard procedure using 
conditions well known to those skilled in the art. 
25 The cloning method which does not involve blunt end ligation controls the orientation or multiplicity of 
insertion of the amplified product into the cloning vector. 

In addition, the process herein can be used for in vitro mutagenesis. The oligonucleotide pnmers need not 
be exactly complementary to the nucleic acid sequence which is being amplified. It is only necessary that they 
be able to hybridize to the sequence sufficiently well to be extended by the thermostable enzyme. The product 
30 of an amplification reaction wherein the primers employed are not exactly complementary to the original 
template will contain the sequence of the primer rather than the template, thereby introducing an m vitro 
mutation. In further cycles this mutation will be amplified with an undiminished efficiency because no further 
mispaired primings are required. The mutant thus produced may be inserted into an appropriate vector by 
standard molecular biological techniques and might confer mutant properties on this vector such as the 
35 potential for production of an altered protein. 

The process of making an altered DNA sequence as described above could be repeated on the altered DNA 
using different primers to induce further sequence changes. In this way a series of mutated sequences could 
gradually be produced wherein each new addition to the series could differ from the last in a minor way, but 
from the original DNA source sequence in an increasingly major way. In this manner changes could be made 
40 ultimately which were not feasible in a single step due to the inability of a very seriously mismatched pnmer to 

function. . ^ ^ ... ^ 

In addition the primer can contain as part of its sequence a non-complementary sequence, provided that a 
sufficient amount of the primer contains a sequence which is complementary to the strand to be amplified. For 
example a nucleotide sequence v^rhich is not complementary to the template sequence (such as. e.g., a 

45 promoter, linker, coding sequence, etc.) may be attached at the 6' end of one or both of the pnmers. and 
thereby appended to the product of the amplification process. After the extension primer is added, sufficient 
cycles are run to achieve the desired amount of new template containing the non-complementary nucleotide 
insert. This allows production of large quantities of the combined fragments in a relatively short period of time 
(e.g., two hours or less) using a simple technique. . ^^im 

50 The method herein may also be used to enable detection and/or characterization of specific nucleic acid 
sequences associated vwth infectious diseases, genetic disorders or cellular disorders such as cancer, e.g.. 
oncogenes. Amplification is useful when the amount of nucleic acid available for analysis is very small, as. for 
example in the prenatal diagnosis of sickle cell anemia using DNA obtained from fetal cells. Amplification is 
particularly useful if such an analysis is to be done on a small sample using non-radioactive detection 

55 techniques which may be inherently insensitive, or where radioactive techniques are being employed but 
where rapid detection is desirable. 

For purposes of this invention genetic diseases may include specific deletions and/or mutations In genomic 
DNA from any organism, such as. e.g.. sickle cell anemia, a-thalassemia. p-thalassemia. and the like. Sickle cell 
anemia can be readily detected via oligomer restriction analysis as described in EP Patent Publication 164 054 

60 published December 11. 1985, or via a RFLP-like analysis following amplification of the appropriate DNA 
sequence by the present method. a-Thalassemia can be detected by the absence of a sequence, and 
P-thalassemia can be detected by the presence of a polymorphic restriction site closely linked to a mutation 

that causes the disease. ^ ^ ^ ^ . . * w 

All of these genetic diseases may be detected by amplifying the appropriate sequence and analyzing it by 
65 Southern blots without using radioactive probes. In such a process, for example, a small sample of DNA from. 
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e.g.. amniotic fluid containing a very low level of iho w ..^ . 

enryme. and analyzed via a Southern bloLo?^^^^^^ J' a restriction 

high level of the amplified sigtuA ^ "^^^^^ 

3«P-labeled or biotin-labeled nucleo^We Woi^^^^^ derivatives which are readily detectable (such as 
which may be analyzed b/reslJfcSin ai^^^^^^^^^^^ V '""^P*'^"^''' *^««"y «he final ONA prod"" 

in a further embo^ment^he nSeTc acid m^ X^^L"!!!'^^^^^ T f *'"'^*'P"»'« 
amplification. Since a sequence ^S^h^^^lnJ^'^ V J^^'^'^^^^^ 

fragment, despite Prior Sc^on^fl^j DNAr^^^^ appearance of an amplified 

within the amplified sequence X presence o? ahi^ *" " '^'^ endonuclease 

appropriate method. " ^ *'"P""«'* be detected by an 

an^m^vKiXre^fel^^^^^^^ 

Bio/TechnoloQv . 3%p laS-SSSrSiSL^/^^^^^^^^ l"'^ fP.''"-^"' and Saiki et at. 

iingiiTise^r cha%e°Jf -s^a hemoglobin disease which is caused by a 

sea~i^^^^^^^^^^^ in nucleic acid 

variation, whether resulting from cancer°an Xttous'ii««fo^^^^^ "''"e"" 
dIrectV detected. eliminaTing the need f^ eSoJ dT«,it„ ff^^^^^ 

otherwise required. The use Sfsequence-speSSuc^^^^^^^^ ""^ 8"' "manipulations 

described herein, provides for mprmTa sMcS^L^^^ ^"""'^ amplification, as 

obtained with a 0.W jig sample inSu?s All J^^^^^^ °' '^f '"'^rpretable signal can be 

to 0.1^.5 w. non.iso?opically U.be^^^^^^^^^ Zbe uS'lTt^n fh" ' T"''"* '""^^^'^ 

in previous methods. Furthermore the orocSs deSrih^rf h/r-^^^ rather than the radioactive probes used 
cific oligonucleotides less than itmers iS sS thu, «if« aPP"cable to use of sequence-spe- 

oligonucleotides. """"^"^ discriminatory sequence-specffic 

disS:tTer sV^^^^^^^ Site to be associated w.h the 

for the analysis ol such giseases as S™'" '•»»" are ganeially more useful 

varlanls ihlth represem flmerem S £ 1. . H|T,S! ^' " '° """"Suisl. be»«en senelle 

S£err.^r;rs"se:urSE2E~ 

containing sodium dodecyl sulfate FIcoll semm -ih,.™ „ P"'^®*'^° « prehybndization solution 
Then, a labeled oligonuclSidrprobe wS chi^^^^^^ P^^e being added, 

hybridization so Jion simila? to^heTeS^' id^^^^^^^^^^^ 

membrane and the membrane Is subjected to SdLt^™^ hybndization solution is applied to the 
length, the type and concentrl«on Jfngfe^^^^^^^^^^ P~be type and 

75''C. preferably 35 to 65-0 for 0.25-50 hour^ ryr^iIr.i.t^flT^j'' ']y°"«*«ation is earned out at about 25 to 
conditions, the greater the reqLfred ^^^^^^^^^ 

background level is high, stringency may be Ssld JSSri,» T ^'"^^ ''""P'*- " 
Incorporated in the wash. increaseo accordingly. The stnngent conditions can also be 

Naa. 10 mM NaHPO. and^ M E^IJ^S 

depending on the temperature. The label is then detected Sui^^ T ""*":" ""^ 

The sequence-specific oligonucleotide employed herein is aJ oSc fo^^^ 
and selected as described above for preoJna^d ll^inn^^^^^ 

sequence-specific Oligonucleotide muSenSSs^^^rc^Ton^ ^ 

variation being detected and must be sMcifiSIt- n„J!£°r ^^'luence which spans the nucleotide 

desired to defect v^etTa^TmpircSs t? ^utS ^-^^ • - 

prepared which contains the nucleotide sequence site rharaStic o^^! one oligonucleotide will be 
oligonucleotide will be prepared which contaSe nuSeoSTfp™^^^^^^ ^' 
Each Oligonucleotide woul'd be hybn?«?d ^^^^0?;" S^^^ 

contains the mutatfon. sample to determine whether the sample 

flaSeVbytonTeii^HeLt^'f s^lh^fronucllolr'''*' *° '"9'-' - 

conserves 5' ^TI'^nToUhe' S?sre«?r le^rpST" *''^P'--«-y to opposite strands of the 
The number of oligonucleotides employed for detection of the polymorphic areas of the HLA class II genes . 
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will vary depending on the type of gene, which has regions of base pair variation which may be clustered or 
spread apart. If the regions are clustered, as in the case with HIJV-DQ-a, then one oligonucleotide is employed 
for each allele. If the regions are spread apart, as in the case with HLA-OQ-P and HLA-DRf. then more than 
one probe, each encompassing an allelic variant, will be used for each allele.. In the case of HLA-DQ-p and 
HLA-DR-P, three probes are employed for the three regions of the locus where allelic variations may occur. For 
detection of insulin-dependent diabetes mellitus (IDDM) four probes for the HLA-DRP second exon are 

employed. ^ * • 

Haplotypes can be inferred from segregation analysis in families or. in some cases, by direct analysis OT the 
individual DNA sample. Specific allelic combinations (haplotypes) of sequence-specific oligonucleotide 
reactivities can be identified in heterozygous cells by using restriction enzyme digestion of the genomic DNA 
prior to amplification. 

For example, rt in DQp one finds three highly variable subregions A. B, and C within a single amplified region, 
and if there are six different sequences at each region (A1-6. B1-6, C1-6. then an individual could be typed in 
the DOP locus by sequence-specific oligonucleotide prooe analysis as containing A1. A2; 82. B3; CI. C4. with 
IS the possible haplotype combinations of A1. B2. CI ; A1. B2. C4: A2. B2. CI ; A2. B2. C4; A1, B3, CI ; A1. B3. C4; 
A1.B2. C1;and A1.B2. C4. 

If the genomic DNA is digested with a polymorphic restriction enzyme prior to amplification, and if the 
enzyme cuts both alleles between the primers, there is no reactivity with the sequence- specific probes due to 
lack of amplification, and the result is uninformative. If the enzyme cuts neither allele, the probe results with 
^ digested and undigested genomic DNA are the same and the result is uninformative. If the enzyme cuts only 
one allele, however, then one can infer both haplotypes by comparing the probe reactivity patterns on digested 
and undigested DNA. 

The haplotypes can be deduced by comparing sequence-specific oligonucleotide reactivities with uncut 
genomic DNA and genomic DNA cut with one or several enzymes known to be polymorphic and to recognize 

2S sites between the primers. , ^. . 

The length of the sequence-specific oligonucleotide will depend on many factors, including the particular 
target molecule being detected, the source of oligonucleotide, and the nucleotide composition. For purposes 
herein the sequence-specific oligonucleotide typically contains 15-25 nucleotides, although it may contain 
more or fewer nucleotides. White oligonucleotides which are at least 19 mers in length may enhance specificity 

30 and/or sensitivity, probes which are less than 19 mers. e.g.. 16-mers. may show more sequence-specific 
discrimination presumably because a single mismatch is more destabilizing. Because amplification increases 
specificity so that a longer length is less critical, and hybridization and washing temperatures can be lower for 
the same salt concentration, it is preferred to use oligonucleotides which are less than 19 mers in length. 
Where the sample is first placed on the membrane and then detected with the oligonucleotide, the 

35 oligonucleotide must be labeled with a suitable label moiety, which may be detected by spectroscopic, 
photochemical, biochemical, immunochemical or chemical means. Immunochemical means include antibodies 
which are capable of forming a complex with the oligonucleotide under suitable conditions, and biochemical 
means include polypeptides or lectins capable of forming a complex with the oligonucleotide under the 
appropriate conditions. Examples include fluorescent dyes, electron-dense reagents, enzymes capable of 

40 depositing Insoluble reaction products or being detected chromogenically. such as horseradish peroxidase, 
alkaline phosphatase, a radioactive label such as 32p. or biotin. tf biotin is employed, a spacer arm may be 
utilized to attach it to the oligonucleotide. Preferably, the label moiety is horseradish peroxidase. 

Alternatively. In one "reverse" dot blot format, at least one of the primers and/or at least one of the four 
nucleotide triphosphates Is labeled with a detectable label, so that the resulting amplified sequence is labeled. 

45 These labeled moieties may be present initially in the reaction mixture or added during a later cycle of the 
amplification to introduce the label to the amplification product. Then an unlabeled sequence-specrfic 
oligonucleotide capable of hybridizing with the amplified nucleic acid sequence, if the sequence vanation(s) 
(whether normal or mutant) is/are present, is spotted on (affixed to) the membrane under prehybndization 
conditions as described above. The amplified sample is then added to the pretreated membrane under 

SO hybridization conditions as described above. Finally, detection means are used to determine if an amplified 
sequence in the nucleic acid sample has hybridized to the oligonucleotide affixed to the membrane. 
Hybridization will occur only If the membrane-bound sequence containing the variation is present in the 
amplification product, i.e.. only if a sequence of the probe is complementary to a region of the amplified 

sequence. i u i 

SS In another version of the "reverse" dot blot format, the amplification is candied out without employing a latjei 
as with the "fonward" dot blot format described above, and a labeled sequence-specific oligonucleotide probe 
capable of hybridizing with the amplified nucleic acid sequence containing the variation, tf present, is spotted 
on (affixed to) the membrane under prehybridization conditions as described above. The amplified sample is 
then added to the pretreated membrane under hybridization conditions as described above. Then the labeled 
60 oligonucleotide or a fragment thereof is released from the membrane in such a way that a detection means can 
be used to determine if an amplified sequence in the sample hybridized to the labeled oligonucleotide. The 
release may take place, for example, by adding a restriction enzyme to the rhembrane which recognizes a 
restriction site in the probe. This procedure, known as oligomer restriction, is described more fully m EP 
Patent Publication 164,054 published December 11. 1985. 
€5 In both the fonftrard and reverse dot blot methods, the genetic diseases which may be detected include 
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include sickle cell anemia hemoolobin C .T*^ ° ^^^^^O" » knovw^ 

that may be detected include cancero!^s rif^^^^^^^^^^ a-thalassemia. g-thalassemia. and the like. Other diseaJS 
oncogene, and infectious diseaser^ " ' "'^^ oncogenes, e.g.. the n ra| 

herein may be employed to detect four DNA seauences codinn fn? w? i H«f '.. p^^^^^^ the process 

1) 5'-GAGCTGCGTAAGTCTGAG-3' 

2) 5'-GAGGAGTTCCTGCGCTTG-3' * 

3) 5'-CCTGTCGCCGAGTCCTGG-3'. and 

4) 5'-GACATCCTGGAAGACGAGAGA-3' 

SS^to rS?^'^; tSXrer"'°- '>-^'-^ P^'^" -y be prepared that will 



-pies o, spe^c DNA 

Chlamydia. Neisseria; viruses, such as theTeSr^u^p^ '.''"^ Salmonella, 

responsible for malari;.U.S. Patent ReexaiS^^^^ « Plasmodium 

et al. describes the use of spSTNAZ^diJaWo^^^^^^^^^^ '""'^ ''".^^'^ '^^^ «° 

relatively small number of pathigeSc oVganiS m^^^^^^^ <«seases. A 

rer?:?iiSc^srprcSd%T~ 

samples could greatly imprS" the sens^SJ Z s^^^^^^ 

biotin-contain ng DNA probes are deteeterf h« r>hr«™«Ji!.- w.679 to Ward. In this procedure 

antibodies. This type of detection is co"^^^^ 'f '° °' biotin-specific 

.olT""' ""'^ ™' >»• «=«"»l.»0 probo «, whic. «. bto,?, I. Si ,0 . space, .™ o. .h. 



H 

-Y-(CH2)2-0-I(CH2)xO)y-CH2CH2- N - 



CH3 



circlespJIFlJ^^ 

The amplification process can also be utilized to produce sufficient ouantitmc «f nw* # 
human gene such that detection by a simple non speciSc ON^ sfiS su^^^^ ' ' 

employed to diagnose DNA directly ethidtum bromide can be 

in addition to detecting infectious diseases and pathological abnormalities in the genome of organisms, the 
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amplification process can also be used to detect DNA polymorphisms which may not be associated with any 

"TiuSrJ'^the amplification process is seen to provide a process for amplHyinfl one or more specific 
nucli TcTd sequences'^using a chain reaction and a thermostable enzyme, in wh.ch P"^^^^^^^^ 
^ moducts iTe produced which can subsequently act as templates for further pnmer extension reactions^The 
rro«sl is esSeS^ useful in detecting nuclei^ acid sequences which are initially present m only very small 

"ThTfollowing examples are offered by way of illustration only and are by no means intended to limit the 
sclpe onrclaiSvention. In these 'examples, all percentages are we'9^» •» * ' 
10 lor liquids, unless otherwise noted, and all temperatures are given in degrees Celsius. 

EXAMPLE I 

,5 '• 'iKoX^'t^oXnucleot primers were prepared by the method described below: 

5'-ACACAACTGTGTTCACTAGC-3' (PC03) 
5'-CAACTTCATCCACGTTCACC-3' (PC04) 

a? These primers, both 20.mers. anneal to opposite strands ot the genomic DNA with their 5' ends separated by a 
distance of 110 base pairs. 

30 released during detritylation. 
centrifuge. 

SO feverse pCse HPLC Column and a lOO/o acetonitrile. m ammonium acetate mobile phase. 

II. Isolation of Human Genomic DNA trorn C«II Une^^^^^^^^^^ homozygous for normal p-globin 

55 method of.Maniatis et al.. supra , p. 280-281. 

III. Purification of a Polymerase From Thermus aquaticus American Tvoe Culture Collection. 
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Sodium Citrate 1 mM 
Potassium Phosphate, pH 7.9 5 mM 
Ammonium Chloride 10 mM 
Magnesium Sulfate 0.2 mM 
es Calcium Chloride 0.1 mM 
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IV. Amplification Reaction 

Jhe DNA sample underwent 20 cycles of amplification in the machine, repeating the following program 

AfteMhe laM^c^riT ° ^ ' P*""** """"^^ P^n^ers and DNA to anneal 

exinston'ria^^^^^ '"^"""'^'^ to comp^e t" final 



V. Synthesis and Phosphorylation of Ollgodeoxyribonucleotide Probes 
A labeled DNA probe, designated RS24. of the following sequence was prepared: 



5'--CCCACAGGGCAGTAACGGCAGACTTCTCCTCAGGAGTCAG-3' (RS24) 

4 no bp . 

^ fi-glob1n ^ 

PC03 RS24 ~"PCDT 



i^IliH^K'"'* was synthesized according to the procedures described in Section I of Example I The orobe was 

XuXJ^ic^mTlu^^^^ f °' polynucleotide kinase and a^Xmol ^X^^P 
(about 7000 Ci/mmole) in a 40 jil reaction volume containing 70 mM Tris buffer (oH 7 6) 10 mM Mnri, 1 1; 

s m7ib??2"''' f r '^'i^' ~ "'""'^^ ^^'^^^^^ voiur:i?"he?^^^^^^^^^^ If :^th 

SSre°nro^^::a\tl",K^^^^ 
VI. Dot Blot Hybridizations 

» » I. .V. . . ■ ^'^^^ sP°«ed onto a nylon filter by first wetting the filter with water olacino 

mM Tns 0^ mM EDTA. pH 8.0). 0.50/o SOS and 300/o formamide. and incubated forTo Sour?^BU2'r^';n I 
pmole Of probe RS24 was added to the hybridtoation solution a;d the filter'^s tSed f^^^^^^^^ 

60 ,«ri?'"^' ''ybridized filter was washed twice with 100 ml of 2 x SSPE and O.HVo SDS for 10 minutes at 
«om temperature. Then the filters were treated once with 100 ml of 2 x SSPE. O.ioj SDS at 6? S for S 

Each filter was then autoradiographed. with the signal readily apparent after two hours. 

6S 
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y 110 bp V 

Tm~ 'Tsir "PCD?" 
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VII. Discussion of Autoradiogram 

The autoradiogram of the dot blots was analyzed after two hours and compared in intensity to standard 
serial dilution p-gtobin reconstructions prepared with Haelll/Mael-digested pBR:?*. where is the witd-type 
allele, as described In Saiki et al.. Science , supra . Analysis of the reaction product indicated that the overall 
amplification efficiency was about 95%. corresponding to a 630.000-fold Increase in the p-globin target 5 
sequence. 

EXAMPLE II 

I. Amplification Reaction . ... ^ . . . 

Two 1 ug samples of genomic ONA extracted from the Molt 4 cell line as described in Example I were each 
diluted in a 100 \i\ reaction volume containing 50 mM KCI, 25 mM Tris»HCI buffer pH 8.0. 10 mM MgClj, 1 nM of 
primer PC03. 1 nM of primer PC04. 200 ^ig/ml gelatin. lOO/o dimethylsulfoxide (by volume), and 1.5 mM each of 
dATP. dCTP. dGTP and TTP. After this mixture was heated for 10 minutes at 98° C to denature the genomic 
DNA the samples were cooled to room temperature and 4 jii of the polymerase from Thermus aquaticus 
described in Example I was added to each sample. The samples were overlaid with mineral oil to prevent 
condensation and evaporative loss. . . ^ ^ 

One of the samples was placed in the heating block of the machine descnbed in Example I and subjected to 
25 cycles of amplification, repeating the following program cycle: 

|1 ) heating from 37 to 93" C over a period of 2.5 minutes: 20 

(2) cooling from 93'*C to 37** C over a period of three minutes to allow the primers and DNA to anneal; 

and 

(3) maintaining at 37' C for two minutes. 

After the last cycle the sample was incubated for an additional 10 minutes at 60 C to complete the final 

extension reaction. ,w ^ ^ 

The second sample was placed in the heat-conducting container of a temperature cycling (heating and 
cooling) machine. In this machine, the heat-conducting container is attached to Peltier heat pumps which 
adjust the temperature upwards or downwards and a microprocessor controller to control automatically the 
amplification sequence, the temperature levels, the temperature ramping and the timing of the temperature. 
The second sample was subjected to 25 cycles of amprrfication, repeating the following program cycle: 

(1) heating from 37 to 95^*0 over a period of three minutes; 

(2) maintaining at 95* C for 0.5 minutes to allow denaturation to occur; 

(3) cooling from 95 to 37° C over a period of one minute ; and 

(4) maintaining at 37° C for one minute. ^ 
II. Analysis 

Two tests were done for analysis, a dot blot and an agarose gel analysis. 

For the dot blot analysis, a labeled DNA probe, designated RS18. of the following sequence was prepared. 
5'-'CTCCTGAGGAGAAGTCTGC-3' (RS18) ^ 

where * indicates the label. This probe is 19 bases long, spans the fourth through seventeenth codons of the 
gene, and is complementary to the normal P-globin allele (P*). The schematic diagram of primers and probes is 
given below: ' 
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This probe was synthesized according to the procedures described In Section I of Example I. The probe was ^ 
labeled by contacting 10 pmole thereof with 4 units of T4 polynucleotide kinase and about 40 pmole 
Y-32P-ATP (about 7000 Ci/mmole) in a 40 jil reaction volume containing 70 mM Tris»HCI buffer (pH 7.6), 10 
mM MgCl2, 1.6 mM spermine and 10 mM dithiothreitol for 60 minutes at 37°C. The total volume was then 
adjusted to 100 jil with 25 mM EDTA and purified according to the procedure of Maniatis et al.. supra, 
p. 466-467 over a 1 ml spin dia)ysis coiumn equilibrated with Tris-EDTA (TE) buffer (10 mM Tris»HCI buffer. 0.1 ^ 
mM EDTA. pH 8.0). TCA precipitation of the reaction product indicated that for RS18 the specific activity was 
4.6 nCi/pmole and the final concentration was 0.114 pmole/jil. 

Five microliters of the amplified sample from Section I and of a sample amplified as described above except 
using the Klenow fragment of E. coil DNA Polymerase I instead of the thermostable enzyme were diluted with 
195 jil 0 4 N NaOH, 26 mM EDTA and spotted onto two replicate nylon filters by first wetting the filters with ^ 
water, placing them in an apparatus for preparing dot blots which holds the filters in place, applying the 
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minutes at BO'C In a vacuumS' ^* » x SSPE. and baked for 30 

5 x'^en^aSriSon^^^^ x SSPE 5 

^'th- autoradiographed. with the signal readily apparent after 90 minutes 

HlilorOR aJd^DJ^gSr™^^^^^ ''^'^^'^ ^^^^^'^r^ evaluating 

anS ^siX^M ofTitS^^^ Wl' ^Vl^i"' ' '"^ "^^'^ °' '0 MgC. 
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EXAMPLE III 

Amplification and Cloning 



humrSmtSN^iiredlr^ .'L^S reel! f""'" P;8">'"" S-^- « total of 1 microgram each of 



5'-CTTCTGcagCAACTGTGnCACTAGC-3' (GH18) 
5'-CACaAgCTTCATCCACGTTCACC-3' {GH19) 



mmwrnmrn 

The above reaction mixtures were heated for 10 minutes at 95°C and thAn ^^^V.w "^["^'^ 



2.5 min. ramp. 37 to 98'C 
^ 3 min. .ramp, 98 to 37'C 

2 min. soak, 37' C 



After the last cycle, the reaction mixtures were incubated for 20 minutes at <««>r ♦k r . 

enryme required to give SOOA, ligation of HindHI digested XDNA rso".!; St le'C in ^ J. at a^ ^13 
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concentration of 0.12 mM (about 330 ^l/ml)l. \»> r^NrJis Uani^^^^^^^^^^ 

Ten microliters of ligation reaction mixture conta.n,ng ^o" * ONA was^^^^^^^^ uFnifS-rmed strain is 

competent cells, which are publicly available Procedu e toHowed fo^ pre^^^ ^ 
described in Messing. J. (1981) Third Cleveland Sympos im on M^^^^^^^ ^^^^ ^^^^^ ^^ 

Walton. Elsevier. Amsterdam. 1<3-1" „A total ol 651 colo l^^ P ^ .^^^^^^^ 3,„05, 

these. 119 had a (+)- strand insert (180*) and 19 had a «-»• ^^^^^^ orimer-positive plaques from the 
S) fold over the percentage of p-globin positive P'» J"" '^^^J /"^^^^^^^^ 

amplification technique using Klenow cooling, adding Klenow fragment. 

re^^t™;^^^^ --^'^ °' 

(80/b) had the (+)- strand insert. This suggests that approximately one nan o 

contain the contaminant sequence. „„..„„--h fiua were normal wild-type sequence and five 

contaminant clones from GM2064 were sequenced and a^l four were 

and partially sequence the human 

technique. „„rientides are reduced to 2 mM and 150-200 jiM. respectively. 

Again, if the concentrations of MgClj and ''''^^''ll^^^ the specificity and efficiency of the 

and the minimum cycling temperature .s increased from 37 C to 45 58 o, sp 
amplification reaction can be increased. 



EXAMPLE IV 
Gene Retrieval 
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A. IDENTIFICATION OF A ^^A SEQUENC^^^^^^^^^^^^ 

A specific DNA sequence probe for the Taq E£^.9^"f J" ^vith Alul, ligated with EcoRI 12-mer 

Xgt11 expression library. T. £3^2!^ ^^A w^^^^^^^^^ and liTatel with deph-^Tphorylated, 

SSXl a' (^m^e^KS^^^^^^^^^^ w-^pacKaged (Gigapac. Plus. Strategene) 

1^ t ;tSd'^^^^^^^ L con K-12 slain Y.C«0 (P-^jd by Young . ^ .^^^^ 

The initial library of 2 x 10^ ^'■^'^^'i:^^' ^"^^t antiserum Raised to purified Taq poly-^iF^e (iFe 
778-782) with a 1:2000 dHution of a/^'''';^ P°J^^^^^^^^^^ 

rsTcfel^'h^SeSTu^^^^^^^^^ 'ailed to react with preimmune serum and 

TrdidlSS-^s^dto^s^^^^^^^^^^ 

the production of an IPTG inducible fusion Protein (larger 'Jan P Qaiacios a j 

S"lXX'..r.S"S"rpurdt"S^a- ^ -d. e.,™c, .action, c»,.,«>« T., 
polymerase. This phage. >.gt:1. was. used 'f^/";);!" J'"^^^^^^^ 

aquaticus DNA random genomic library. 

B. CONSTRUCTION AND SCREENING OF A B|^A9^^^«^^^^^^^^^^^ 

Umbda phage Charon 35 (W.lhelmjne A_ M^^^^ ,^^^9 .3,^,,. ,,,g„,en1s by 

digested to completion with BamHI. and ^'^^^^"Jj^'^ supra). T. aquaticus DNA was partially 

poUium acetate density gradient ^^^^^^^^ 

digested v«th Sau3A and the 15-20 kb size ion pu j fragments at a 1:1 molar 

The random gel^mic library was LE392 or K802 A library of > 20.000 

ratio. The DNA was Packaged and trans ec^d mto |g ^on E coli K-12 strain LE392. . ^ 
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p6^ml?iseactMty(Table^)TldS«S^h?«^I!.?^ « thermostable, high temperature ONA 

wtjch is immunoXgically%V,ared t?^^^^^^ dSa pil^neC"* " ""^ '""'"""^ "^'^'^ "'"^'""^ 

.ac-Sromo'efSa?2?^^^^^^^ '^S-iiiJI^'" '^•9'"-' ^"^her localized to the 
SUbcloned to yield plasmid oFClJ^n^KT^ ^I^'""^ ^ ^ iilS'"" fr^B'"'"*- This region was 

PFC85 symhesize up toTwToS^^^ ^ ^ ^^'boring'pias^Jd 

parent clone (pFCsf /DG98, Wh?e7e '^""'^ ^' original 
DNA polymerase activity. onrHSon ?fTe ?«?nH^^^^ 

accumulation of a Ta^ po'^^^"se ^J^'^^^ -"'«"B in the 



TABLE 1 

20 Expression of a Thennostable DNA Polymerase ActfWty in E^ eoH* 

55 IPTG +IPTG 

BSM13/DG98. . 0 02 

PFC82/DG98 2.2 2 7 

PFC85/DG98 n.9 643.8 



a ————— 

35 Cells were grown to late log phase {+/- iptg in nM\ 

sonicated, heated at Ti'r /«/ 7 * ' harvested, 

^ * 1 unit « 1 nM dCTP incorporated in 30 minutes. 
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EXAMPLE y 

Expression of Tag Polymerasfl 



veJSSrg'^G^I^^^^^^^^^^^^ 
that have either a sequence conlainino a^too^n I^^^^^ pBR322 derivatives 

operably linked ATG start codon (0G?4l) oral^^lnT™^^^ T *""*"9 
;jbosome binding Site operablySSk?^^^^^^^^ 

may be restricted with Sacl. and blunt ended with Klenow or SI nueio^- , °* ^""'^ 
site for subsequent iniiRion of the Taq polymerase ^^ne " ^ 

The full-length Taq polymerase gene was constructed from the owa *_ 
plasmids PFC83 and pFC85 as follows. Vector BSM13I commrrcSt LatSffT^il^T c"'** 
San Diego. CA) was digested at the unique Hindlll site repTedSh S«w .^^^ ^'""'"^ 
DNA ligase to a Bfllll octanucleotide linkeri'-CAGATCTG r TnJ ^ 

Plasmids were is5iited from Amoii tat^! frL^«™,„. « ' »^ans'0"ned into E. coli strain DG98. 

fragment of BSM13*. This ligation mixture was usSTS^ PFC83 and the Bglll-AseZie vector 

July13.1984,from Which Arn'r-roKrw^S'sX'^^^ 

.sopropyl-p-D-.hioga.ac,oside (IPTG.-induced DG98 cells harborinYpLsS"SS^^^^^ 
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indistinguishable in size from the native enzyme isolated from T. aquaticus . Plasmid pLSGI can then be used 
to generate a single strand ONA template according to the procedure recommended by Vector Cloning 
Systems. 

Oligonucleotide-directed mutagenesis (see Zoller and Smith, Nuc. Acids Res. (1982) 10:6487-6500) can 
then be used to introduce an Sph I restriction site as part of the ATG start codon (upstream of the internal s 
Hindlll site in the coding sequence of the Taq polymerase gene). Similarly, a Bglll site can be introduced after 
the carboxyl-terminus of the gene ( -07 kb upstream from the Asp718 site) to facilitate subcloning of the Taq 
polymerase gene into an expression vector. After the site-directed mutagenesis is performed, the gene can be 
isolated from the BSM13-^ vector on an -3.2 kb Sphl-BstEII restriction fragment, treated with Klenow 
fragment and alt four dNTPs, and inserted with T4 DNA ligase (blunt-end conditions) into either one of the io 
aforementioned expression vectors, which have been digested with Sacl. repaired with Klenow and dNTPs. 
and treated with calf intestine phosphatase to generate dephosphoryiated blunt ends. This ligation mixture is 
used to transform E. coli DG116 and the resulting transformants are screened for production of Taq 
polymerase. Expression of the enzyme can be confirmed by Western immunobtot analysis and activity 
analysis. 

A greater proportion of the Taq polymerase gene contained within the -2.8 kb Hindlll-Asg718 fragment of 
plasmid pFC85 can be expressed using, for example, plasmid pPlNrbsATG, by operably linking the 
amino-terminat Hindlll restriction site encoding the Taq gol gene to an ATG initiation codon. The product of this 
fusion upon expression will yield an -66.000-68.000 dalton truncated polymerase. 
-■A jhis specific construction can be made by digesting plasmid pFC85 with Hindlll and treating with Klenow 20 

fragment in the presence of dATP, dGTP and dCTP. The resulting fragment is treated further with SI nuclease 
to remove any single-stranded extensions, and the resulting DNA digested with Ase718 and treated with 
Klenow fragment in the presence of all four dNTPs. The recovered fragment can be ligated using T4 DNA ligase 
to dephosphoryiated plasmid pPlNrbsATG. v^mich had been digested with Sacl and treated with Klenow 
fragment in the presence of dGTP to construct an ATG blunt end. This ligation mixture can then be used to 25 
transformed E. coli DG116 and the transformants screened for production of Taq polymerase. Again, 
expression can be confirmed by Western immunoblot analysis and activity analysis. 



EXAMPLE VI 
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Purification 

The thermostable polymerase may be purified directly from a culture of Thermus aquaticus following the 
example disclosed below or. alternatively, from a bacterial culture containing the recombinantly produced 
enzyme with only minor modifications necessary in the preparation of the crude extract. 

After harvesting by centrif ugation. 60 grams of cells were resuspended in 75 ml of a buffer consisting of 50 35 
mM Tris-CI pH 8, 1 mM EDTA. Cells were lysed in a French Press at 14.000-16,000 PSl after which 4 volumes 
(300 ml) of additional Tris-EDTA were added. Buffer A (p-mercaptoethanol to 5 mM and NP-40 and Tween 20 to 
0.5% (v/v) each) was added and the solution was sonicated thoroughly while cooling. The resultant 
homogeneous suspension was diluted further with Buffer A such that the final volume was 7.5-8 times the 
starting cell weight; this was designated Fraction I. 40 

The polymerase activity in Fraction I and subsequent fractions was determined in a 50 ^il mixture containing 
0 025 M TAPS-HCI pH 9.4 (20*C). 0.002 M MgCb, 0.05 M KCI, 1 mM 2-mercaptoethanot, 0.2 mM each dGTP. 
dATP TTP, O.r mM dCTP [a-^^p. .05 Ci/mM], 12.5 jig "activated" salmon sperm DNA and 0.01-0.2 units of the 
polymerase (diluted in 10 mM Tris-HCI. pH 8. 50 mM KCI, 1 mg/ml autoclaved gelatin, 0.50/o NP-40, 0.50/o Tween 
20, and 1 mM 2-mercaptoethanol). One unit corresponds to 10 nM product in 30 minutes. "Activated* DNA is a 45 
native preparation of DNA after partial hydrolysis with DNase I until 50/o of the DNA was transferred to the 
acid-soluble fraction. The reaction was conducted at 74°C for 10 minutes and then 40 \l\ was transferred to 1 .0 
ml of 50 jig/ml carrier DNA in 2 mM EDTA at O^C. An equal volume (1.0 ml) of 200/o TCA. 29/0 sodium 
pyrophosphate was added. After 15-20 minutes at O^C the samples were filtered through Whatman GF/C discs 
and extensively washed with cold 50/o TCA-lo/o pyrophosphate, followed by cold 950/o ethanol, dried and SO 

counted. „ * ^ 

Fraction ( was centrif uged for two hours at 35,000 rpm in a Beckman Tl 45 rotor at 2*0 and the collected 

supernatant was designated Fraction 11. 

The Taq polymerase activity was precipitated with Polymin P (BRL, Gaithersburg, MD) (lOO/o, w/v. adjusted 
to pH 7.5 and autoclaved) after the minimum amount of Popymin P necessary to precipitate 90-950/o of the 55 
activity was determined, which amount wzs generally found to be between 0250/o and 0.30A) final volume. 

An appropriate level of Polymin P was added slowly to Fraction II while stirring for 15 minutes at 0°C. This 
solution was centrifuged at 13,000 rpm for 20 minutes in a Beckman JA 14 rotor at 2°C. The supernatant was 
assayed for activity and the pellet was resuspended in 1/5 volume of 0.5 x Buffer A (diluted 1 :2 with H2O). This 
suspension was recentrifuged and the pellet resuspended in 1 /4 volume of Buffer A containing 0.4 M KCI. This €0 
suspension was homogenized thoroughly and left overnight at 4'*C. The homogenate was centrifuged as 
above and the collected supernatant designated Fraction III. 

The protein fraction was collected by •precipitation" at 75o^ saturation of ammonium sulfate, centrifuged (at 
27,000 rpm. SW27 rotor. 30 minutes) and the floating pellicle was resuspended in 50 mM Tris-CI pH 8. 1 mM 
EDTA. These steps were repeated and the protein suspension was dialyzed extensively with P-cell buffer (20 65 
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rinl^S '^X^plln'^T"^'^}'' * "o"''""8* »"y recovered protein from sacks 

5 wrrtS^H f ^' conta.n>ng 80 mM KCI. Centrifugation was performed at 20.000 x g and theSe 
?ie rbX ind lo mM tr^' supernatar,t was saved and any pellet remaining was washed. Extracted S 
Frac?^ ^ w« Son. f • *"'l^««l'"'"ae«^- The supernatants were then combined to form FractionT 
coSSJo M mM ? Phosphocellulose. equilibrated with the P<ell butter 

S ..I? . '2.5-3 column volumes) with the same buffer and the protein 

momhJnp tI!'?^? ' P""'*** concentrated 3^ fold on an Amicon stirred cell and yS 
KcTaSe^r;^^^^^^ 

b^T^SoiTu iTSJllLT "«P»^" Sepharose CL-BB column (Pharmacia) equilibrated with P-cell 

15 elu^Sd wifh « nnllr f J « T " '^ ^ "^^^l '^^^^^ CO'"'"" ^o'"'"") and the protein 

SalmaTfL SDS K^nlf"" ^ -'^ without gettin 

was made for SDS-PAGE analysis and a subsequent 1:20 dilution into diluent with 1 mo/ml oelatin was made 

em^^fS^recitirrr^- '''""^ M KCI) were assayed on CrcoTed dna 

IhT^^Jl Lfil^ and non-specific endonucleases/topoisomerase by electrophoretically detecting the 
^ iSil^e ""^T' supercoiled plasmid DNA after incubation ,Jrith an excess of DNA polymerase 
fSnL an '""ow'nfl ""cubation with small linear DNA fragments iS Sc 

S«? «r ~ *^ '"""^ ''^ f The major pool, designated Fraction W ha J^Se 

minut?s?t K-?S,h''^^^^^^^^ ««4 when th' pool was asSay^dSr S 

minutes at 55 C with -3-5 polymerase units/600 ng DNA 

25 anS^TweS?!^?^^^^^^^^ ''^ ^ '"^ P-n^e^captoethanol. 50/b glycerol. O.20/0 NP.40. 

. ^ r ''""y^®'' ^^'"P'^ was applied to a 3 ml column of hydroxyapatite and the 

inutt^l Ac ?n^K * 1^ "^^'^ '"^ "^PO*- -^"'^^ P"'^ were assayed at 1:100-1 300 

SDipAGE anUlT^^^^^ * P^«P«^«<^ without geliiniS 

30 ft 55' ^ t^t^S ' T*^ "° "^""f endonuclease or double- strand exonuclease when assayed 

30 at 55 c with 5 polymerase units were pooled and designated Fraction VII 

Fraction VII was dialyzed against a solution of 25 mM sodium acetate pH 5 2 5o^ olvcerol 5 mM 

?hT'Sp?'"°'" V O-^'^" T^"" 20. adjusted to pH 5 aulm emperatu^e 

The dialyzed sample was applied to a 2 ml DEAE-Tris-Acryl-M (LKB) column pre-equiibVated and 

35 r? 'f^'J'"' containinTpolymerase activity tSa. dK Xe 0 

Fr!?,r„ vm ^ ^- *° ^ '''^ «^'"e buffer to yield Fraction VIII. 

Fraction VIII was applied to a 2 ml CM-Tris-Acryl M (LKB) column equilibrated with the same buffer 125 mM 
sodium acelate 50 mM NaCI. 50/0 glycerol. 0.1 mM EDTA. O.IO/0 NP-40 and O.irTween The^^^^^^^ 
^ miTn' '°'T °' ''""^^ v«th a linear 8 adien'fromsSTo 

^« ^ ° •'" "^^ polymerase activity peak eluted -0.155.20 M NaCI ThJ 

rorte%s.pSarh.S!r:ir^^^ 

?r.S '"fy*'*;.^" "0™" the activity peak on supercoiled DNA templates for specific and 
non-specific endonuclease/topoisomerase using DNA polymerase assay salts (25 mM TAPS-HCI pH 9 4 20 

SOCAGE mm. ge . The resuffs show a single - 83 kd band with a specrfic activity of -250 CWun?t^ 
Tal co^fliL" " ?r ^ ""^^nitude higher than that claimed for the p^^sfytoLZ 

Taq polymerase and is at least an order of magnitude higher than that for E, coli polymerase I 

EXAMPLE VII 

^ Tal^nlt^ polymerase purified as described above in Example VI was found to be free of any contaminatino 
Taq endonuclease and exonuclease activities. In addition, the Taq polymerase is preferably stored HtSaaJ 
buffer containing from about 0.1 to about O.50/0 volume/volume of each norJionrKeric de53 
emptoyed. More preferably the storage buffer consists of 500A (v/v) glycerol. 100 mM KQ Sml5 TfiSoH 

« * VJT** ethylenediaminetetraacetic acid (EDTA). 1 mM dithiothrirol 0.5% v)v NP-40 0 SbTv \Zfn 20 

55 and 200 jig/ml gelatin, and is preferably stored at -20"C. 

The stored Taq polymerase was diluted in a buffer consisting of 25 mM Tris CI oH 8 0 20 mM KQ 1 mM 

ScSZ^rim^r, Sm 27^ ^"'^'J^^ ^S^'^' ° '*'^' A*'*""' ^M each dNTP. 1 jtM 

«, , n I c r « 500 base pair target sequence on a control template from bacteriophage^ 

fhe im«i! Zlo]i?„^n^*?"K*""^i" * '~ «<> the reaction b^er. 

!>r!ve*Te^ratfoa """yP^Py^"* '''^ "^P'° topped with 100 jil of heavy mineral oil to 

At least a lOS-fold amplification was achieved when the following conditions were employed usina 1 no of 
« sTartSi Zf.; K*"°'"«9e X DNA) Where the target sequence represented apSa^ itthj 
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First the template mixture was denatured for one minute. 30 seconds at 94' C by placing the tube in a heat 
bath Then the tube was placed in a heat bath at ZTCior two minutes. Then the tube was placed in a heat bath 
at 72' C for three minutes and then in the heat bath at 94« C for one minute. This cycle was repeated for a total 
of 25 cvcies At the end of the 25th cycle, the heat denaturation step at 94" C was omitted and replaced by 
extendlna the 72' C incubation step by an additional three minutes. Following termination of the assay, the 
samoles were allowed to cool to room temperature and analyzed as described in previous examples. 

The template may be optimally amplified with a different concentration of dNTPs and a different amount of 
Taa DO vmerase. Also, the size of the target sequence in the DNA sample will directly impact the minimum time 
reJiJred for proper extension (72°C incubation step). An optimization of the temperature cycling profile 
should be performed for each individual template to be amplified, to obtain maximum efficiency. 

^yaqpolyii^' ase purified as described above in Example I was formulated for storage as described in the 
previous example, but without the non-ionic polymeric detergents. When assayed for activ.^ as described m 
fhat example, the enzyme storage mixture was found to be inactive. When the NP-40 and Tween 20 were 
added to the Storage buffer, the full enzyme activity was restored, indicating that the presence of the non-.on.c 
detergents is necessary to the stability of the enzyme formulation. 
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Several 1 ii g samples of human genomic DNA were subjected to 20-35 cycles of amplification as described 20 
in Example V with equivalent units of either Klenow fragment or Taq polymerase, ""d anai^cd by agarose gel 
SectfophoresS and Southern blot. The primers used in these reactions. PC03 and PCM. direct the synthesis 
S fllK segment of the human beta-globin gene. The Klenow polymerase amplifications exhibited he 
smear of DNA Spically observed with this enzyme, the apparent cause of which .s the non-specific annealing 
and exVension of primers to unrelated genomic sequences under what were essentially non-stringent 25 
SSriSon condi?ions (1x Klenow sa^s at 37-C). Nevertheless, by Southern blot a specific 110-bp 
bSr-glob n target fragment was detected in all lanes. A substantially different electrophoret.c pattern was 
sein m the amplificaTions done with Taq polymerase where the single major band .s the 110-bp target 
sequence This femarkable specificity was undoubtedly due to the temperature at which the pnmers were ^ 

*''?ithou''gh like Klenow fragment amplifications, the annealing step was performed at 37' C the temperature 
of T^qSyzed reactions had to be raised to about 70;C before 

During this transition from 37 to 70° C. poorly matched pnmer-template hybrids (which formed at 37 C) 
disassociated so that by the time the reaction reached an enzyme-activating temperature only highly 
JSmintary substrate was available for extension. This specificity also results in a greater yield of target 35 
sequence than similar amplifications done with Klenow fragment because the non-specific extension products 
eSe J compete for the polymerase, thereby reducing the amount of 110-mer that can be made by the 
Klenow fragment. 

40 

^^Amp^lfLti on was carried out of a sample containing 1 m Molt 4 DNA. 50 mM KCI. 10 mM Tris pH 8.3. 10 mM 
MgClz OOlo/b gelatin. 1 jiM of each of the following primers (to amplify a 150 bp region): 
5''-CATGCCTCTTTGCACCAnC-3'(RS79) and 

5'-TGGTAGCTGGATTGTAGCTG-3'(RS80) „„, >c 

1 5 mM of each dNTP. and 5.0 units of Taq polymerase per 100 jil reaction volume Three •'I'Jit.onal samp es 4S 
werrprepared containing 2.5. 1.3. or 0.6 units of Taq polymerase. The amplification was carried out .n the 
temperature cycling machine described above using the following cycle, for 30 cycles: 

from 70 to 98° C for 1 minute 

hold at 98' C for 1 minute „ 
from 98«C to 35. 45 or 55»C for 1 minute 
hold at 35. 45 or 55° C for 1 minute 
from 35i 45 or 55°C to 70°C for 1 minute 

At'SVln?ea?in7temfirat'ure^he 2.5 units/100 iil Taq enzyme dilution gave the best-signal-to ndse ra«o 
by agarose gel electrophoresis over all other Taq polymerase concentrations At 45° C the 5 unrts/ia) r Taq 
eSzyme gave the best^ignal-to-nolse ratio over the other concentre ions. At S5°C the 5 unrts/lM Taq 
enzyme gave the best signal-to-noise ratio over the other concentrations and over the 45°C annealing anfl 
improved yield. The Taq polymerase has more specificity and better yield at 55 C. nwA 

fn a separate experimentVhe Molt 4 DNA was 10-fold serially diluted into the cellhne GM2064 DNA. 
containing no B- or 8-globin sequences, available from the Human Genetic Mutant Cell DeP«'tory. Camden 
Slrs?y. at'^various^oncentratlons representing varj^ng copies per ceH^ a^^^^^^^ 
on these samples as described in this example at annealing temperatures of 35°C and 55°C. At 35 C. the besi 
?ha can bHeen by agarose gel electrophoresis Is 1 copy In 50 cells. At 55°C. the best that can be seen is 
1/?(S c Jis " lS-foK^ over the lower temperature), illustrating the importance of increased 

annealing temperature for Taq polymerase specificity under these conditions. 
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vTeXoW^To!i-S^^^^^ H>V-Positive DNA. available from B Poiesz S..t. 

ATCC on March « 1 9M-7^^^^^ T "^'^ 'f"* from the SCI cell line (deposSd 2 

sequences It^^^u^c^^^^^^ «"ele ind'S n^ry 

out as described in this Exam^i ^ea *n'^^^^^^^^^ L'^c'anTfi^'r T 

^'''^c. ArflT';:'.P"'y » '*S'°" 0' the HIV seqJe^^^^^^^^ 35 C and 55 C. usmg the primers SK38 and 

5'-ATAATCCACCTATCCCAGTAGGAGAAAT-3'tSK3fi» «nH 

5'-TTTGGTCCnGTCnATGTCCAGMT^.li^^^^^^^^ 

witht;;^ti;a:mT^^^^^^^^ 

temperature at SS'C. giving a looild imprLirem tn •'^^ «""«>«n9 



EXAMPLE XI 



.5 -cTo^:L?clX^'^lT^^^^^ ';S'--'es, in a 100 .1 

mM dCTP. 0.5 mM TTP, 0.5 mM dGTP 6 2 uo olino^JrM? i« foJ ' '"."."a^'^. 5 mM DTT. 0.5 mM dATP. 0.5 
and 5 units AMV reverse fraSrase IBRM anS^^ (Pharmacia). 40 units RNasin (Promega Biotec). 
by heating for 10 minutes ar/so'c^^^:? ^g'^l^^^^^^^^^ T'^* 'topped 

water) and incubated for 10 minutes at l/'C ' * ^ '"O""' "'""O" *" 

prime7;^pSS^TeS"a^7^^^^^^^ '^!^"°" P''^' of primers The 

produc!: and the ^e'Z V,^Zom5s^^ 

prre^sKn^"^^^ 
=«s;--heT^^^^^^ 

with 100 111 mineral oil ^- '° temperature and overtayed 

" thetSn? p:° gS^ °' ^"'^"^^'^^ -P"" described in 

1) Je^«"9 from 37-C to 98°C in a heating block over2.5 minutes (denature)- 
2 cooling from 98°C to 37°C over 3.0 minutes (anneal); 
3) adding 1 unit Klenow fragment : and 

35 4) maintaining at 37°C for 20 minutes (extend) 

The final volume of each sample was about 140 {il 

v.-.?;;SbZid'i: dSe s w^:: s%t'f:?hKS37;£"?«^^^^ »««'"'"9 

the bands were consistent with the exSd lenS^^ uft^S^^I RS45/oligo(dT) samples. The sizes of 
^ evidence of amplification of an abo^eSbp fra'gmen S^^^^^ '»«er. No 

The contents of the gel were Southern To ! '^C03'oligo(dT) primer pair was observed. 

nick.translated human Alo^JrobrpBR^^^^^^ TT"^'^' **th a 

techniques. The resulting autorSoJ;arn eSed^hfco^^^^^^^ "''"9 ^'^'^'"^ 

370-bp fragments were PiJlobin^ecrSrcafion oroT^^^^^^ reached previously - the 110 and about 
*S 600-bp band was detected amplification products and no significant amplification of the about 

sarprimer paS SSs^^fc^r -"^ 

volumes containing 50 mM KCU5 mM Tris. JcT pS Jo W ml3 MoCl ^Sn**? T^l'''"' ^ 

PC03 or RS45. 1 tiM PCXM or oligo-(dT)25-M 1 5 mM «UTP ^O*"*" °'^S0. 1 fiM 



1)1min..35to60'*Cramp: 
55 2) 12 min.. 60 to 70*»C ramp (extend); 

3) 1 min., 70-95** C ramp (denature)- 

4) 30sec..95'*Csoak; 

5) 1 min.. 95 to 35'C ramp (anneal) • and 

6) 30 sec, 35X soak. 



cyct^SnWSX^^^^^ 

prodicT;:;;'Ss^miii?;^^^^^^^ ut:;i^ii^,^^ '^-^^^ «" -p-^cion 

about 600-bp for PC03/oligo(S Th«e Sul s w^^^^ RS45/oliBO(dT). and 

the pBR328:betaA probe. confirmed by Southern transfer and hybridization with 
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The production of the 600-bp product with Taq polymerase but not with the Klenow fragment is significant, 
and suggests that Taq polymerase is capable ot producing longer DNA than the Ktenow fragment. 

The following bacteriophage and bacterial strains were deposited with the Cetus Master Culture Collection, 
1400 Fifty-Third Street. Emeryville. California. USA (CMCC) and with the American Type Culture Collection. 
12301 Parklawn Drive. Rockville. Maryland, USA (ATCC). These deposits were made under the provisions of 
the Budapest Treaty on the International Recognition of the Deposit of Microorganisms for purposes of Patent 
Procedure and the Regulations thereunder (Budapest Treaty). This assures maintenance of a viable culture for 
30 years from the date of deposit. The organisms will be made available by ATCC under the terms of the 
Budapest Treaty, and subject to an agreement between applicants and ATCC that assures unrestricted 
availability upon issuance of the pertinent U.S. patent. Availability of the deposited strains is not to be 
construed as a license to practice the invention in contravention of the rights granted under the authority of 
any government in accordance with its patent laws. 
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Deposit 

Designation CMCC No. 
CH35:Taq#4.2 3125 
E. coll DG98/pFC83 3128 
E. coli DG98/pFC85 3127 



ATCC No. 
40,336 
67,421 
67,422 



Deposit 
5/29/87 
5/29/87 
5/29/87 
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In summary the present invention is seen to provide a process for amplifying one or more specific nucleic 
acid sequences using a temperature-cycled chain reaction and a thermostable enzyme, in which reaction 
primer extension products are produced that can subsequently act as templates for further primer extension 
reactions The process is especially useful in detecting nucleic acid sequences that are initially present in only 
very small amounts and in detecting nucleotide variations using sequence-specific oligonucleotides. Also, the 
amplification process herein can be used for molecular cloning. 

The process herein results in increased yields ot amplified product, greater specificity, and fewer steps 
necessary to carry out the amplification procedure, over what has been previously disclosed. 



Claims 



1. A purified thermostable enzyme that catalyzes combination of nucleotide triphosphates to form a ^ 
nucleic acid strand complementary to a nucleic acid template strand. 
2 An enzyme according to claim 1 that is DNA polymerase. 

3. An enzyme according to claim 1 or 2 that has a molecular weight of about 86.000 to 90,000 daltons. 
4 An enzyme according to claim 3 from Thermus aquatlcut . 

5. An enzyme according to any one of claims 1 -4 having at least 500/o of the activity at pH 6.4 that it has ^ 
atpHB.O. 

6. An enzyme according to any one of claims 1 -5 that is in native form. 

7. A gene encoding the enzyme of claim 2. 

8 A gene according to claim? that was cloned from the genome of Thermus aquatlcut. 

9. A gene according to claim 8 that encodes an enzyme having a molecular weight of about ^ 

86.000-90.000 daltons. ' ^ , . . . .k^..* 

10, A gene according to claim 8 that encodes an enzyme having a molecular weight of about 

^f^tene according to claim 9 that is contained within an approximately 3.5 kb Bglll-A8p718 (partial) 
restriction fragment of either Thermus aquatlcut or bacteriophage CH35 Taq 4-2. .... * -r ^ o 55 

12. A gene according to claim 10 that Is contained within an approximately 2.8 kb Hindlll-Atpzis 
restriction fragment of either the genome of Thermut aquatlcut or the plasmid pFC85. 

13. A plasmid selected from pFC85 or pFC83.(obtainable from ATCC 67422 or ATCC 67421, 
respectively), 

14. BacteriophageCH35:Taq#4-2.(obtafnablefromATCC40336). ^ 

15. A stable enzyme composition comprising an enzyme according to any one of claims 1-6 in a buner 
comprising one or more non-ionk; polymeric detergents. . 

16. A composition according to claim 15 wherein the detergents are each present in a concentration of 
zbodiO to abiXJt OSQ^D vo'yme/vobme of the totaJ composition. 

17. A composition according to claim 15 or 16 wherein the detergents are a polyoxyethylated sorbitan ^ 
monolaurate and an ethoxylated nonyl phenol. 
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produce singte-stranded molecules, but not so high as to denature ir^versSt^ en^l 

otiion?.MiI,"vw"^ • """V'®'" presence of four different nucleotide triphosphates and one 

r In "^'^ *P^'="'*= sequence being amplified, for an effecl ve «me and 

^Lhln. '^'"P^^^'"^^ »o 'le^atu^e each nucleic acid, wherein each primer ts se ecte^ro be 
substantially complementary to different strands of each specific sequence such that fhe exfention 

.'lmn^.l7"'^'^L"'^ P"'""^- " « "P*^«'«<' '^n^ "s compter^en, caS serle a?a 

template for synthesis of the extension product of the other primer- 

priiSirTol^rpSa^nSSa^^^^^^^ ^''^^ °' 

extension products complementary to each strand Of each nucleTadd *^ 

orimo^*ih.*'r!r.? !^'%"li!""? *'^P «" temperature for an effective time to 

bL?nTl«^r ■f*'^ thermostable enzyme, and to synthestee. for each dilterent sequence 

tu^na^^^^l P~«'"c« <" "Ch primer whichls complementary to each nucteic acid 

Stemp'^^^^^^ " ^"'^^ P'««»-« compTememaS 

««lfL'!!'iL"" ""'^P f'*' «ffectlve time and at an effective temperature lo 

separate the pnmer extension products from the templates on which they we^e SeTteerf ^ 

nrom^tt SI ^ mixture from step (e) for an effective time and to an effective limperature to 
feTS P"'"«' »° complementary single-stranded molecule produced in step 

orimo^ihI.*iIlI?°I''*,^J^"'* **^P <^ " *" temperature for an effective time to 

an ex?iLic^ or«d^.f '^^^^ 'V^'hesize. for each different sequence being ampffied 

Droducedrsfin If, K « ? T!' "mplementary to each nucleic acid strand template 

sf«^^ .!l2i! 'Li'* "V* '"B^ separate each extension product from its complementary 
strand template, wherein steps (f) and (g) are carried out simultaneously or sequentially ^""^""^ 
Jmnte'^r«^„!! n presence or absence of at least one specific nucleic acid sequence in a 

sample containing a nucleic acid or mixture of nucleic acids, or distinguishing between Kvo diffLrnt 
f ^2"!!"' "'"P'e- therein the sample is suspected of containln| said seqSe^ce or seou^nc^ 

and wherein if the nucleic acid(s) are double-stranded thev each consist of .^1 ^ 
complementary strands Of equal or unequal length. Which pro«ss comprises separated 
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(a) contacting the sample with four different nucleotide triphosphates and one oligonucleotide 
primer, for each different specific sequence being detected, wherein each primer is selected to be 
substantially complementary to different strands of each specific sequence, such that the extension 
product synthesized from one primer, when it is separated from its complement, can serve as a 
template for synthesis of the extension product of the other primer, said contacting being at a 5 
temperature which promotes hybridization of each primer to its complementary nucleic acid strand; 

(b) contacting the sample, at the same time as or after step (a), with a thermostable enzyme which 
catalyzes combination of the nucleotide triphosphates to form primer extension products 
complementary to each strand of each nucleic acid: 

(c) maintaining the mixture from step (b) at an effective temperature for an effective time to 10 
promote the activity of the enzyme, and to synthesize, for each different sequence being detected. 

an extension product of each primer which is complementary to each nucleic acid strand template, 
but not so high as to separate each extension product from its complementary strand template : 

(d) heating the mixture from step (c) for an effective time and at an effective temperature to 
separate the primer extension products from the templates on which they were synthesized to 15 
produce single-stranded molecules, but not so high as to denature irreversibly the thermostable 
enzyme; 

(e) cooling the mixture from step (d) for an effective time and to an effective temperature to 
promote hybridization of each primer to its complementary single-stranded molecule produced in 

step(d): . « . ^ 

(f) maintaining the mixture from step (e) at an effective temperature for an effective time to 
promote the activity of the enzyme and to synthesize, for each different sequence being detected, an 
extension product of each primer which is complementary to each nucleic acid strand template, but 
not so high as to separate each extension product from its complementary strand template, resulting 

in amplification in quantity of the specific nucleic acid sequence or sequences if present, wherein 25 
steps (e) and (f) are carried out simultaneously or sequentially; 

(g) adding to the product of step (f) a labeled oligonucleotide probe for each sequence being 
detected capable of hybridizing to said sequence or to a mutation thereof; and 

(h) determining whether said hybridization has occurred. 

22. A process for detecting the presence or absence of at least one specific nucleic acid sequence in a 30 
sample containing a nucleic acid or mixture of nucleic acids, or distinguishing between two different 
sequences in said sample, wherein the sample is suspected of containing said sequence or sequences 
and the nucleic acid(s) are double-stranded, which process comprises: 

(a) heating the sample in the presence of four different nucleotide triphosphates and one 
oligonucleotide primer, for each different specific sequence being detected, for an effective time and 35 
at an effective temperature to denature each nucleic acid in the sample, wherein each primer is 
selected to be substantially complementary to different strands of each specific sequence, such that 

the extension product synthesized from one primer, when it is separated from its complement, can 
serve as a template for synthesis of the extension product of the other primer; 

(b) cooling the denatured nucleic acids to a temperature which promotes hybridization of each 40 
primer to its complementary nucleic acid sequence ; , . u 

(c) contacting the denatured nucleic acids, at the same time as or after step (a) or (b). with a 
thermostable enzyme which catalyzes combination of the nucleotide triphosphates to form primer 
extension products complementary to each strand of each nucleic acid; 

(d) maintaining the mixture from step (c) at an effective temperature for an effective time to 
promote the activity of the enzyme and to synthesize, for each different sequence being detected, an 
extension product of each primer which Is complementary to each nucleic acid strand template, but 
not so high as to separate each extension product from its complementary strand template; 

(e) heating the mixture from step (d) for an effective time and at an effective temperature to 
separate the primer extension products from the templates on which they were synthesized to 
produce single-stranded molecules, but not so high as to denature irreversibly the enzyme; 

(f) cooling the mixture from step (e) for an effective time and to an effective temperature to 
promote hybridization of each primer to its complementary single-stranded molecule produced from 
step (e); 

(g) maintaining the mixture from step (f) at an effective temperature for an effective time to 
promote the activity of the enzyme and to synthesize, for each different sequence being detected, an 
extension product of each primer which is complementary to each nucleic acid strand template, but 
not so high as to separate each extension product from its complementary strand template, resulting 
in amplification in quantity of the specific nucleic acid sequence or sequences if present, wherein 
steps (f ) and (g) are carried out simultaneously or sequentially; 

(h) adding to the product of step (9) a labeled oligonucleotide probe for each sequence being 
detected capable of hybridizing to said sequence or to a mutation thereof; and 

(i) determining whether said hybridization has occurred. 
23 A process for detecting the presence or absence of at least one nucleotide variation in sequence in 

one or more nucleic acids contained in a sample, wherein if the nucleic acid is double-stranded, it 
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containing said vSo^s) 2JTxt;nSon^^^^^^ '"^ different nucleic acid suspected of 
nucleic acid strand UmoLTtTn^rj^T , "^"^^ "'"P'^'^entary to each 

complementarjITrSnd temSe °' " '° P™**""^' «s 

(9) affixing the product of step (f) to a membrane- sequentially, 
samp,?'"'"' Whether the probe has hybridized ,o an am'plified s'equence" the nucleic acid 

oliJoLcCde p%m^^ triphosphates and one 

«nlrSr'lK^ «" «''«'=tive time and at an effective temperature to 

separate he pnmer extension products from the templates on whichthey were sJJtCed to 

promote KaS"^^^^^^ ? eXective^^rature to 

step(e K P"""*^ to complementary single-stranded molecule produced in 

prSl.o7^'aZSliT'':^T^:^ 1"". temperature for an effective time to 

c^ntainfnrrraSiS^^^^^^^^^^ 



36 



0 258 017 



nucleic acid strand template, but not so high as to separate each extension product from its 
complementary strand template, steps (e)-(g) being repeated a sufficient number of times to result in 
detectable amplification of the nucleic acid containing the sequence variation(s). if present, wherein 
steps (f ) and (g) are carried out simultaneously or sequentially: 

(h) affixing the product of step (g) to a membrane; 5 

(i) treating the membrane under hybridization conditions with a labeled sequence-specific 
oligonucleotide probe capable of hybridizing with the amplified nucleic acid sequence only if a 
sequence of the probe is complementary to a region of the amplified sequence; and 

(j) detecting whether the probe has hybridized to an amplified sequence in the nucleic acid 
sample. 10 
25. A process for detecting the presence or absence of at least one nucleotide variation in sequence in 
one or more nucleic acids contained in a sample, wherein if the nucleic acid is double-stranded, it 
consists of two separated complementary strands of equal or unequal length, which process comprises: 

(a) contacting the sample with four different nucleotide triphosphates and one oligonucleotide 
primer, for each strand of each nucleic acid suspected of containing said variation{s). wherein each 15 
primer is selected to be substantially complementary to different strands of each specific sequence, 
such that the extension product synthesized from one primer, when it is separated from its 
complement, can serve as a template for synthesis of the extension product of the other primer, said 
contacting being at a temperature which promotes hybridization of each primer to its complementary 
nucleic acid strand ; 20 

(b) contacting the sample, at the same time as or after step (a), with a thermostable enzyme which 
catalyzes combination of the nucleotide triphosphates to form primer extension products 
complementary to each strand of each nucleic acid ; 

(c) maintaining the reaction mixture from step (b) at an effective temperature for an effective time 

to promote the activity of the enzyme, and to synthesize, for each different nucleic acid suspected of 25 
containing said variation(s), an extension product of each primer which is complementary to each 
nucleic acid strand template, but not so high as to separate each extension product from its 
complementary strand template; 

(d) heating the reaction mixture from step (c) for an effective time and at an effective temperature 

to separate the primer extension products from the templates on which they were synthesized to 30 
produce single-stranded molecules, but not so high as to denature irreversibly the thermostable 
enzyme; 

(e) cooling the reaction mixture from step (d) for an effective time and to an effective temperature 
to promote hybridization of each primer to its complementary single-stranded molecule produced in 
step(d); 35 

(f) maintaining the reaction mixture from step (e) at an effective temperature for an effective time 
to promote the activity of the enzyme and to synthesize, for each different nucleic acid suspected of 
containing said variation(s), an extension product of each primer which is complementary to each 
nucleic acid strand template, but not so high as to separate each extension product from its 
complementary strand template, wherein steps (d). (e) and (f) are repeated a sufficient number of 40 
times to result in detectable amplification of the nucleic acid containing the sequence variation(s), if 
present, and wherein at least one primer and/or at least one of the four nucleotide triphosphates is 
labeled with a detectable moiety, and wherein steps (e) and (f) are carried out simultaneously or 
sequentially; 

(g) affixing to a membrane a sequence-specific oligonucleotide capable of hybridizing with the 45 
amplified nucleic acid sequence only if a sequence of the oligonucleotide is complementary to a 
region of the amplified sequence; 

(h) treating the membrane under hybridization conditions with the product of step (f ) , and 

(i| detecting whether an amplified sequence in the nucleic acid sample has hybridized to the 
oligonucleotide affixed to the membrane. - 50 
26. A process for detecting the presence or absence of at least one nucleotide variation in sequence in 
one or more nucleic acids contained in a sample, wherein the nucleic acid{s) each consist of two 
complementary strands of equal or unequal length, which process comprises: 

(a) heating the sample in the presence of four different nucleotide triphosphates and one 
oligonucleotide primer, for each strand of each nucleic acid suspected of containing said 55 
variation(s). for an effective time and at an effective temperature to denature each nucleic acid, 
wherein each primer is selected to be substantially complementary to different strands of each 
specific nucleic add, such that the extension product synthesized from one primer, when it is 
separated from its complement, can serve as a template for synthesis of the extension product of the 
other primer; ^ 

(b) cooling the denatured nucleic acids to a temperature which promotes hybridization of each 
primer to its complementary nucleic acid strand ; 

(c) contacting the denatured nucleic acids, at the same time as or after step (a) or (b). with a 
thermostable enzyme which catalyzes combination of the nucleotide triphosphates to form primer 
extension products complementary to each strand of each nucleic acid; ^ 
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27. A process for detectino fh- "'*'"''^«ne. «cid sample has hybridized to .h- 

(c) maintaining the mixture " extension products 

=!^t^i:S^^ - an e.c.. «.e to 

nucleic acid stranS Xte « . "'^ <" ««h Prime?S? ^^'Pe^ed S 
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(0 maintalnina the mixtur- #, stranded molecule produced in 
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restriction digest to Indicate that hybridization occurred. 
28. A process for cloning into a cloning vector one or more specific nucleic acid sequences contained in 
a nucleic acid or a mixture of nucleic acids, which nucleic 8Cid(s) when double-stranded consist of two 
separated complementary strands, and which nucleic acid(s) are amplified in quantity before cloning, 
which process comprises: 5 

(a) contacting each nucleic acid with four different nucleotide triphosphates and one 
oligonucleotide primer for each different specific sequence being amplified, wherein each primer is 
selected to be substantially complementary to different strands of each specific sequence, such that 
the extension product synthesized from one primer, when it is separated from its complement, can 
serve as a template for synthesis of the extension product of the other primer, and wherein each io 
sequence being amplified or each primer contains a restriction site, said contacting being at a 
temperature which promotes hybridization of each primer to its complementary nucleic acid strand: 

(b) contacting each nucleic acid strand, at the same time as or after step (a) or (b), with a 
thermostable enzyme which catalyzes combination of the nucleotide triphosphates to form primer 
extension products complementary to each strand of each nucleic acid; ts 

(c) maintaining the mixture from step (b) at an effective temperature for an effective time to 
promote the activity of the enzyme and to synthesize, for each different sequence being amplified, an 
extension product of each primer which is complementary to each nucleic acid strand template, but 
not so high as to separate each extension product from its complementary strand template; 

(d) heating the mixture from step (c) for an effective time and at an effective temperature to 20 
separate the primer extension products from the templates on which they were synthesized, to 
produce single-stranded molecules, but not so high as to denature irreversibly the enzyme; 

(e) cooling the mixture from step (d) for an effective time and to an effective temperature to 
promote hybridization of each primer to its complementary single-stranded molecule produced in 
step(d): ^5 

(f) maintaining the mixture from step (e) at an effective temperature for an effective time to 
promote the activity of the enzyme and to synthesize, for each different sequence being amplified, an 
extension product of each primer which is complementary to each nucleic acid strand template 
produced in step (d). but not so high as to separate each extension product from its complementary 
strand template, steps (d). (e) and (f) being repeated a sufficient number of times to result in 30 
detectable amplification of the nucleic acid(s) containing the sequence(s), wherein steps (e) and (f) 

are carried out simulteneously or sequentially; 

(g) adding to the product of step (f) a restriction enzyme for each of said restriction sites to obtain 
cleaved products in a restriction digest; and 

(h) ligating the cleaved product(s) of step (g) containing the specific sequence(s) to be cloned 35 
into one or more cloning vectors. 

29. A process for cloning into a cloning vector at least one specific nucleic acid sequence contained in a 
nucleic acid or a mixture of nucleic acids, wherein the nucleic acid(s) consist of two complementary 
strands of equal or unequal length, and wherein the nucleic acid(s) are amplified in quantity before 
cloning, which process comprises: ^ 

(a) heating each nucleic acid in the presence of four different nucleotide triphosphates and one 
oligonucleotide primer, for each different specific sequence being amplified, for an effective time and 
at an effective temperature to denature each nucleic acid, wherein each primer is selected to be 
suljstantially complementary to different strands of each specific sequence, such that the extension 
product synthesized from one primer, when it Is separated from its complement, can serve as a 4$ 
template for synthesis of the extension product of the other primer, and wherein each sequence 
being amplified or each primer contains a restriction site; 

(b) cooling the denatured nucleic acids to a temperature effective to promote hybridization 
between each primer and its complementary strand; 

(c) contacting the denatured nucleic acids, at the same time as or after step (a) or (b), with a $0 
thermostable enzyme which catalyzes combination of the nucleotide triphosphates to form primer 
extension products complementary to each strand of each nucleic acid; 

(d) maintaining the mixture from step (c) at an effective temperature for an effective time to 
promote the activity of the enzyme and to synthesize, for each different sequence being amplified, an 
extension product of each primer which is complementary to each nucleic acid strand template, but 55 
not so high as to separate each extension product from its complementary strand template; 

(e) heating the mixture from step (d) for an effective time and at an effective temperature to 
separate the primer extension products from the templates on which they were synthesized, to 
produce single-stranded molecules, but not so high as to denature irreversibly the enzyme; 

(f) cooling the mixture from step (e) for an effective time and to an effective temperature to 60 
promote hybridization of each primer to Its complementary single-stranded molecule produced in 

step{e); .... 

(g) maintaining the mixture from step (f) at an effective temperature for an effective time to 
promote the activity of the enzyme and to synthesize, for each different sequence being amplified, an 
extension product of each primer which is complementary to each nucleic acid strand template 65 
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detectable ampimcaf.S of the nucleic aLS^ *" «S"N ^ 

are carried out simultaneous^or^^^^^^^^^ wherein steps (f) and (o) 

c.e?x*rct?rnr^^^^^ 

anuSraT/orjJS^^^^^^^^^^ 

separated complernentan/ Jt«nrt« «f f 1 '. double-stranded consist of two 

quantity before?.rnrrcCS^^^^^^^^^ '-A"' -^--^ add(s, are a.p.Ji'ed'^^ 

oliglSSp^^'?^^^^^^^^^^ "-'-"'^e triphosphates and one 

selected to be substantiS ly Smp^^^^^^ '^^'^i" P'f^er is 

extension prodw Of McnS^Si^^'sris;™ 

separate the primer extensioJ^produSl ?irthril,nJr' ""^''"'"^ temperature to 

prLTeThe15^':,re"^^^^^^ ^or an effective time to 
extension product of each DEr whilh f, 1. ■ ' °' sequence being amplified, an 

produced iSstepldrburnotThi^haTt^^ '° "^''^ strand template 

strand template steps (d) S aSd m beT«.l!S complementary 

effective amplification of the nucS acidfS Ln.^r!i ^«"'« *" 

one or more cloning vectors SreS S a"? 71 * «^"f "'""t-end ligation info 

and ■"'^ conducted simultaneously or sequentially; 

ofSii'SrvVcTo'ff^^^^^^^^ 

present in sufficient amoCnts tS eS^^^^^^ sequence(s) and vector(s) being 

n'ui^c'SirrSSSS^^^^^^^^ 

equal or unequal length anSiSI^^nuSiSfJl^^^^.^ °* complementary strands of 

comprises: •mplrf.ed in quantity before cloning, which process 

ol^i'SZl'p'^^^^^ '^r^n, nucleotide triphosphates and one 

at an effective temperatur" o d^ na u^eTch^^^^^^^^ 

substantially compl^entarytoSemstJiJd; of L^^^^ 

product synthesized from Znt Sr^^rH Is sep^^^^^^^^ ^ " 

lemplateforsynthesisoftheextensionWoducto^^^^^^ complement, can serve as a 

(b) cooling the denatured nucleic acids to a temDflr»tii» -i— . 
betweeneachprimeranditscomplemenrarystSJJd '° P™""**" hybridization 

.hiLTa^ XVrh'LX^^^^^^ % - step ,a, or (b,. with a 

extensionproduXomplememS^t^Va^S^^^^^^ 'o- P^'-r 

(d) maintaining the mixture from step (cl at an effectK* t«mn^7.". . 

promote the activity of the enzyme and to s^ hesS to"lcS S!T^n ""k *° 
extension product of each primer which is wmSnte^ftl ! ''«'"9 amplified, an 

not so high as to separate each extension p?SffroSo„^^^^^^^^^^ f 

(e) heating the mixture from step {d)?or an effectirtSL„T" ^''^'''''"P'*^'^ 
separate the primer extension producti from the teCa iTo^i^h'^H'""'^^ temperature to 
produce single-strandedmolecules. but not sohighaSTotn^J^n!;;^^^^^^^^^ 
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(f) cooling mixture from step (e) for an effective time and to an effective temperature to 
promote hybridization of each primer to its complementary single-stranded molecule produced m 

maintaining the mixture from step (f) at an effective temperature for an effective time to 
promote the activity of the enzyme and to synthesize, for each different sequence being amplifed an 
ei?ens on product of each primer which is complementary to each nucleic acd strand temp ate 
SmduceS iS step (e). but not so high as to separate each extension product f ror. . s complementary 
Strand ter^plale steps (e). (f) and (g) being repeated a sufficient ""mber of tmr,es to result .n 
Sve amrJification of the nucleic acid(s) containing each sequence for blunt-end hgat-on mto one 
o"more dorJng vectors, wherein steps (f) and (g) are conducted simultaneously or sequentially: and 
(h) *gaS,g the ampti ied specific sequence(s) to be cloned obtained from step g) mto one or 
Jll o? said cloning vectors in the presence of a ligase. said amplified sequence(s) and vector{s) 
beina oresent in sufficient amounts to effect the ligation. 
32. ATa'Sed nucleic acid sequence from a nucleic acid or -^^ure of nucle.c aads compns.ng 
multiDle copies of said sequence produced by an amplification process of r i.m 19 or 20^ 
33 rmetho"of produci^ a purified thermostable enzyme that cataly.^s comb.na ion o necleo^.de 
tShosSes to form a nucleic acid strand complementary to a nucle.c ac.d template strand wh.ch 

"^S^SSf oTproducing a stable enzyme composition comprising formulating an enzyme aycording to 
any onrof claims 1-6 in a buffer comprising one or more non-ionic polymenc detergents. 
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